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PREFACE. 



One of the remarkable chanu:t«iistics of the present 
day is the existence of a spirit for the diffusion of 
a knowledge of the physical sdences, which have 
hitherto been expounded only in a college or a 
professed school of science ; that time has happily 
passed away, for society begins to feel that it is 
an essentiid exercise of reason to investigate the 
relations which connect man with his Creator. 

We see this great change appaient in the esta- 
blishment of mechanic institutions, and in the 
introdoction of those subjects into general edueatioit. 
With respect to mechanic institutions ve may safely 
say that they are among the best goarantees for a 
people's advancement; for it ia admitted that sci«ice 
opens sources of intellectual pleasure, which gra- 



dually create a distaste for those of a sensual nature. 
The change is also apparent in the STstem which 
begins to prevail, of instractiiig youth of both sexes 
in the elements of the physical sciences, which vQl 
not strain their intellectual powers, but t«nd to fbrm 
habits of inquiry and research for a subsequent 
period of life. 

H&Ttag been engaged for some years past in 
laying those subjects before the young mind by 
lecture, I can feariessly assert that^ mth much care 
on the part of the teacher, and some attention on 
that of the pupil, the leadmg facts of science can be 
comprehended, and their importance t^apreeiated at 
the age of 14 as well as at 24. 

In advocating the ^stem here alluded to, I trust 
that none will suppose me capable of wishing to 
undervalue the importance of cloMteal knowledge ; 
the attempt to do so would not only he unwise 
but dangerous, as it would tend to destroy one of 
the foundations of knowledge. It may be here 
noticed that parents are now b^;inning to feel the 
importance of directing the /emale mind to such 
investigations. If such a system could be generally 



introduced into female education, it vould decidedly 
place woman in that position in sodety which her 
iatellectnal powers justly entitle her to. 

I trust the reader will bear in mind that I do not 
profess to teach chemistrj by the following treatise, 
or by my elementary lectures ; the object of both 
is merely to awaken a spirit of inquiry. These 
pages, perhaps, may be compared to the grmmdworh 
which is laid upon the artistes c»ivas, without which 
preparation the skiU of a Titian would be iruitleas, 
for all the colours mingling with each other would 
prevent the harmonious outlines from being formed. 

DaUln, MlbApHI, IMl. 



FACTS IN CHEMISTRY. 



1. The province of Natural Philosophy, in its moat 
comprehensive sense, investigates the laws to which 
matter, that is, the material world, is subject — a law 
in th^ sense being a rule prescribed by the Creator 
by which the same event invariably occurs under 
sirrulaT circumstances, such ndes collectively being 
termed the law» of nature. 

2. In proportion as man extended his researches, 
he was under the necessity of dividing science — 
which, from the Latin ado, to know, signifies know- 
ledge — into various branches: — 1st. Mathematical 
Sdeuce, which considers number and quantity, sub- 
divided into arithmetie (Greek, aptO/io^, number) and 
geometry (Greek, 7S0, earth, /Letpov, measure.) These 
branches are purely the result of reasoning ; for fre- 
quently they investigate subjects that have no e3u»- 
tence but in the mind, and therefore have no proper- 
ties like matter or substantial agents. 

3. The second great division, tenued the Physical 
Sciences, or Physics (derivation, 0ua«r, nature), which 
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are based upon observation and experiment. They 
are the reverse of the mathematical sdences, for they 
<!onsider the structure and motions of bodies ; their 
connexion with each other, and the influence which 
they mutually exert upoa other agents. These com- 
prehensive subjects are subdivided into Natural Phi- 
losophy — which now signifies the investigation of the 
laws of motion and the state of rest, and the proper- 
ties of material agents, such as water, air, steam, &c., 
which produce certain effects, termed mechanical, 
upon passive bodies : for example, setting them in 
motion or at rest, or partitdly altering th^ form by 
pressure vnthtrnt destroying their composition. 

4. The second division of the Physical Sdences 
treats of the eompotitwn and properties of all existing 
bodies, animate or inanimate. These subjects, being 
extensive, have been thus subdivided : — If we speak 
of the properties of bodies with respect to heat, their 
Gompositian, or their action — termed chemical, in 
contradistinction to mechanical — upon each other, 
by wbi^h the total destruction of their form or ^>ro- 
p^A>« ensues, we term the subject Chemiitty. Two 
other subdivisions. Mineralogy and Geology, are 
closely allied ia Chemistry. The first teaches ns to 
recognise and clat»ijy the various objects of morganie 
nature, ao termed as they are without organs — such 
as heart, stomach, &c. — and, bdi^ usually obtained 
from the earth by mining, are called Minerals. 
Geology (deriv. 7911, the earth, and Xo^at:, a nar- 
rative) considers the structnre of the earth and the 
changes which its strata have undergone. Anatomy 
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(deriv. ava, throt^jfa, and Te/ivas, to cat) mrestigBtea 
the animal structure ; and AmmM Pkynology (deriv. 
^aa, nature, and 'Ko'^o^, a narratire) considers the 
iMM of the parts which Anatomy has disclosed. 
Zot^offy (deriv. i^aov, an gnimul, and Xo^nt, a nar- 
Tative) differs irom the two preceding branches, as 
it clatnjieg snimab, and examines their external 
appearance without reference to internal structure. 
Botany (deriv, poTami, a plant) classifies the produc- 
tions of the vegetable kingdom, and Ffgetaile Phy- 
tit^offy esamines their structures. The term Natural 
History is applied to signify the classification of 
natural objects beloi^ing to the animal, T^table, 
and mineral kingdoms ; therefore it embraces Zoolc^, 
Botany, and Mineralogy. 

QTTESTIONfl. 

1. Whai did Ntrtoral Philosoph; ori^nslly tignitj 1 

2. 'Wliat b Implied by tlie term, a law of nature? 

5. VhMlsttMderiraUoaofUietermBdemn? 

4. WliM i> tiie Bt()ect of Miiliematical SdeDce, sad how Is 
it dividad? 

6. Wlutt ore the deriTationa of Arithmetic and Geometr; 7 

6. How do the Fhj^nJ ScleticeB, or Fhyslca, differ from the 
Mathematical Sciences T 

7. What is the deriTatlon of the term Fhrdca! ? 

8. Bnamerale the general sabdivliion of the Phjaieol 
8(uences? 

9. What !», at present, Hie definition of Natmvl Philo- 
sophy? 

IQ, How does ChsmistiT dif^ from Natural Philoioph; ? 
11: What distinction eiista between Mineralogy and Cteo- 
iogy? 
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12. Wbj' are Minerals termed iDorgaule bodies 7 

13. Does Anatomf differ from A niimi phjaiologj t 

14. What is Zoology? 

15. Eiplaon tiie difference tietween Botany and veg^etable 

PhjBiologj ? 

16. What does Natural Histor; signify ? 

Note — The derivations Bhould be particaltu'l; attended to. 



THE OEIGIN OP CH£MISTBY. 

5. From what haa been stated, dieiniatiy may be 
defined thus :-~-The science which investigates the 
properties of bodies in their simple or compound 
state — ^their action upon each other, termed chemical, 
b; mixture or heat^ by which new combinations, pos- 
sessing di^erent properties from the original bodies, 
are formed — sometimes the properties remain while 
the form and appearances are totally destroyed. 

The science, as it now exists, is altogether of modem 
creation, although it was based upon discoTeriea made 
at a very early period in the history of man. The 
Arabians, when a distinguished people, originally 
directed their attention to the subject — their views 
were, that by exposing bodies to heat, they could 
obtain new combinations, and procure three impor- 
tant objects-^lst. Gold from the baser metals; 2d. 
The elixir of life ; and 3d. The universal solvent, that 
would dissolve every thing. As the science had snch 
an exalted aim, it was termed Alchemy ; the de- 
rivatioQ is extremely nncertain. The professors 



FACTS IN CHEMIBTRY. 13 

were termed alchemist*. It appears that the Cru- 
saders, on their return to Europe, first introdnced the 
art from Palestine. All classes of society immediately 
became infatuated; and even monarchs visited the 
laboratory of the alchemist, whose language was 
shrouded in mystery, and who was supposed to poa- 
sesB supernatural agency. A.t last, when the pro- 
fessors found that their object was imattainable, they 
madetheir art the instrument of extortion. Edward I., 
it is aaidi was duped by Raymond Lully, an alchemist. 
Many families of distinction having been mined, the 
attention of the legislature was directed to the subject, 
as we find by an act passed in the reign of Henry IV. 
prohibiting his subjects from attempting t« make gold 
or silver under the pain of felony. Alchemy soon 
after snnk into disrepute, leaving its ashes, from which 
the phtenis, CkemittTy, arose, that was destined to 
became not the instrument of crime, but the most 
exalted science that ministers to the happiness of 
mankind. If we but look aroimd us, we see the 
result of some chemical process. The metals, for 
example, presented to us by the Creator generally in 
a useless state, are fashioned by this stupendous 
science into ornaments, bolts, leaves, salts, and fiuids. 
By its aid we obtain our various colours for painting, 
writing, dyeing, &c. ; and by the same power we 
destroy colour, as in bleaching. We see its operation 
in the fbrmation of transparent glass from opaque 
materials, and of soap from two enemies, oil and 
water. It is chemistry that presents us with gns 
and steam ; and already it promises at no distant 
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pniod, either partiaUy or totally, to si^plant the latter 
tkronrite bj imotlieT, the electric flnid ; and thus will 
that mi^ty agent tbat, as li^tnijig, carries desola- 
tion in its course, be hamessed to tlw massive train 
upon the railroad, or uj^ the ship in safety against 
wind and tide. If chemiaty have done so much for 
man, are we not justi6ed in showing the young mind 
iow she produces her effects ; for 

" To knoit 
That which before m lies in daily life 
Is the prime wiBdom." — Hiltor. 

aOESTIONS. 

17. WbatiBtbedefinitioiiof ODrpreraatBoiraice.cheiiilBtr;? 

18. Where had it its origin ? 

19. What object had tlie alchemisls in view t 

20. Who introduced alchemy into Enrope f 

21. Why did Henry 17. praliibit Mb snbjects from practiaing- 



PIIOPERTIES OF MATTER. 

6. As hodies which are the subject of chemical 
iovestigation are composed of matter, which implies 
any thing £hat has substance it will be esaentiel, 
befi>ie we connder the outline of chemistry, to lay 
before the young mind certain important facts con- 
nected with matter, which comes under our obser- 
vation in three different states — the solid, the liquid, 
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md the gas — the latter, in the strict sense, signifying 
nuitter vluch cannot be convCTted into a liquid or 
solid by the coldest climate, thus differing from a 
T^wnr, steam for examj^ which, by espoBuie to 
cold, returns to the liquid state, the process being 



T. All bodies are composed of minute portions, 
twmed aUmi, which can only he separated by a 
chemical process. A mechanical one — grinding, 
termed trituration, for example — can reduce a body 
to the finest power, but not to atoms — for its parlieleg 
can still further be divided by toljiHon, which is a 
chemical process. At this point we arrive at the 
limit of dimtibility, which means the capability of 
being divided. This is aiiniTersal property of matter. 

QUEBTIONB. 

22. Id how many states U matter presanted to out notice 7 

23. Bow does a gaa differ from a TitpooT ? 

24. Wbat is the difference between an atom and a pmtiole 7 
26. Can we reduce a bodj to atamB bf grinding; ? 

26. WMt ia the definition of diTi^bilityf 



6. Another is impenetrability, which implies that 
two bodies cannot occupy the same space at the same 
time. A £uniliar illustration of this law is inverting 
a wine glass in water ; the air that occupies the in- 
verted vessel will not aQow the surrounding water to 
take possession of the space : upon this principle the 
dioing'heU is constructed. 



.....ClHV^Ic 
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9. Impenetrability yields to a certain extent to 
another, ernnprettihility, which produces some of the 
most familiar efects. In the case of the inverted 
vine-glass : although the air does not leave the vessel, 
it is forced into a smaller apace by the pressure of the 
water above it, particularly if it be immersed to any 
considerable distance from the surface. It has been 
ascertained by means of the force-pump that air is so 
compressible that a hundred parts, say pints, can be 
forced into the space of one pint. This is technically 
expressed thus : aii can be compressed into the hun- 
dredth part of its or^iinal volume. When alluding to 
air in this state the term eondenied is substituted for 
compressed. It is to be particularly remembered that 
the term emapressed, or high pressure, appHed to 
steam, means that it occupies a smaller space without 
changing its condition — while condensed signifies that 
it has returned to the state of water. — (Vide 6.) 

10. When bodies are compressed, another property, 
elasticity generally comes into operation, (ending to 
restore them to their original condition — the air-gun 
offers an excellent illustration — the mechanism of 
which is easily explained : — condensed air confined in 
a copper vessel, beii^ allowed to rush, by its elastic 
force, into the barrel of the gun, it projects the ballet 
to a greater or less distance, according to the extent 
of its condensation ; compressed steam, by the same 
principle, will burst the strongest vessel, if not 
allowed to escape by a safe^-valve. 
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aUXSTIONS. 



27. VhM property or m&tter pretentB water from Of 
pletelf eatering into an Inverted irlne-gleaa ? 

28. Vby docB it do lo partiall; ? 

2B. To wliM extent can air be coodetiMd ? 

30. What ii the difference between coadenMd air a 



31. WlMt propart; of matter allowa tlie condeued air in 
the air-fun to propel the ballet ? 



ATTBACTION. 
Thb next property ve have to consider requires par* 
ticuUr attentioi) ; it is termed attraction, tVom the 
Latin attraho, to draw towards : obseryation and 
e^>eriment ha^e proved that it is an invariable law of 
oatare, for bodies to attract, or tend to attract, other 
atoms of a ntnUar or diggimilar nature. Without 
this unseen but mightj power, the earth would 
crumble into dust, and ^ its bodies be whirled into 
boundless space. According to the mode in which 
attractiou acts, it receives different terms ; for exam- 
ple, attraction of cohesion and gravitation ; chemical 
attraction ; magnetic, electrical, and capilluy attrac- 
tion : in the present work the three first will be 

12. Attraction of cohesion (dehvadon coAterm, to 
be j<Hned tt^ether,) implies the properly which the 
atoms of matter possess, of attracting atoms of tfte 
tame nature. Although it is an universal law, the 
Creator has wisely orduned that it should exist in 
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different degrees of intensky in different bodies : 
the metala and solids exhibit this attraction moat 
forcibly ; tlie atoms of liquids which move Jreely over 
each other, ore evidently not under the same control ; 
and gases, which cannot be converted into hqtuds by 
the coldest c&nate, are evidently influenced by this 
law only in a slight degree. In the article on car- 
bonic acid, it wiflhe seen, that artificial cold, of an 
intense d^jTee, can liquify some of the gases. 

13. In the majority of cases it is heat which deter- 
mines the intensity of attraction of cohesion. Water, 
for example, which exists in three states, steam, 
water, and ice, will prove the tratb of this statement. 
When cooled down to 32 degrees, termed the freezing 
point on the thermometer of Fahrenheit, (vide 26,) 
attraction of cohesion is brought so forcibly into ope- 
ration, that it becomes a solid, termed ice. On the 
contrary, when heat is appUed, until the temperature 
reaches 212 degrees, the boiling point, this attraction 
is overcome to such an extent, that its atoms fly from 
each other to form steam, which -occupies about 
1 728 times the space of the origmal quantity of 

14. As we remove the preMure of the atmosphere 
by an air-pump from the surface of the flnld, a less 
portion of heat will be required to convert water into 
steam ; or, in other words, water boils at a less tem- 
perature than 212 degrees, if atmospheric pressure be 
removed. The same effect is produced on the tops of 
high mountejus, in which situations atmospheric 
pressure is less than at the level of the sea., 
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15. Tenacity, which prevents bodies from being 
torn, depends upon attraction of cohesion being ex- 
erted in an intense degree : some idea of its effects 
maj be formed from the following iSustrations ; — a 
wire of iron, the most tenacious of the metals, the 
one-tenth of an inch in diameter, will support a 
weight of 4501bs. ; silver wire, same diameter, 
3701bs. ; and lead wire only 29i^lbs. 

QUEBTIONB. 

32. What b the deriT^on of attraction of cbhe^on ? 

33. 'Wliat does it impl; 1 

34. floea it exist In the same inteiuitf Id all bodies ? 

35. yihj does the iatendtj of atti'sctlon of cohealon Tsjy 

36. What Bpaeo does eteam occapj, oompared with, the 
volwne of the original qnsntit? of iratert. 

37. Why does water boll nith leas heat nndat tie ex- 
hausted receiier of an air-pEinip ? 

38. What does tenacity reenlt from t 



16. When the atoms of a body are few, and are at 
liberty to be moved freely, as is the case with liquids, 
we find that the cohesive force appears^ to collect 
them around a centre, thus formii^ a sphere ; witness 
the dew-drop, or the globule of mercury. 

In obedience to this law, the earth and the planet- 
ary system assumed the form of apherea, which, when 
set in rapid motion by the Divine will, brought 
centrifugal force into operation, and, tending to ^y 
from- their respective centres, were converted into 
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apAerouia, which di&rs from splierea, in haTing one 
diameter longer thsQ the Other. The equatorial 
diameter of the earth, for example, ia longer thaa 
the ptdar. (In a work on chemiatrr, it would be 
nnwiae to enter into the subject of oentiifiigal force ; 
it should, however, be esplwoed to the pupil by the 
parent or preceptor.) 



39. Why do fluids tend to assame the fbnn of aplMrw T 

Vi. Wh; ii not the earth a sphnre ? 

41. How does a sphere differ from a spheroid? 



17- If the pupil can form an idea of the nature of 
attraction of cohesioa from what has been aaid, it 
will, perhaps, not be difficult to follow up the inves- 
tigation, bj considering the subject of attraction of 
gravitation, which may be thus distinguished &om 
the preceding. Attraction of cohesion tends to form 
a mass of the same nature, by collecting its atoms 
round a centre : this power only acts at insensible 
distances, that is, when the atoms are not apparently 
separated. Attraction of gravitation,- on the contrary, 
which exists in large masses, as the sun, earth, and 
planetaiy system, operates upon other masses of a 
different nature, at immense distances. Without 
this invisible and stupendous power, termed by astro- 
nomers centripetal force, (deriv. centrum, a centre, 
and peto, to seek,) the planets would fly from the 
sun, and the sateUites from the planets, by cen- 
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triAigal force ; acted apon, however, by both powers, 
those reTolving bodies tftke intermediate paths, termed 
their orUts, and thus the b«iaiice of nature ia estfi' 
bUahed. 



42. How does attracUon of cohedon differ ft 
of iiMftMJW ! 

43. What bA«f tsnb d« sstranemen applf bi the force, 
m tit gnviMimt, uid wbat w Its deriraUoti t 



18. Lik« cobenTtB fbrc^ attnetion of girivitatiota 
■etsfrom thecetitreofthe nnsa, towarda which point 
■11 the bodiM bear its surface are f<»cibly drawn, 
tiiHa rtc^Ting & property which ia termed gravity, 
or Weinlit ; consetjueutiy, if we could reach the centre 
«f the MtTMting mess, the tarth, for example, weight 
would «aUlsht tiie body being attracted equally on all 
lideSi It is hoped that the pi^il wiil particulaily 
imprest this fact upon his memoiy, that as gratity of 
wfd^t is the effect of gravitation, til bodies in 
nature must have wei^t, and Uiat tiim pressuit 
towards the centre producing ftiction in machinery, 
will for ever prevent him from obtaining pupetoal 
motion, a mere vision, which has frequently cost men 
of mechatiical ability ybara of anxiety and disappoint- 
n^ut, perpetual motion only existing in the planetaty 
.system. 



,„glc 
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QCESnONB. 



44. What is grsTit; or weight tlie effect of? 
4C. Wh]' would not a body hftve w^^t U the centre (f . 
the eartli 7 

46. What is fHction in machinery produced by ? 

47. Can we obtain perpetnal motion T 



19. Chemical attraction ia next to be cotuideiect. 
As this has peculiar Teference to the following treatise, 
we must direct particnlitr attention to it. We haxe 
Men that attractioa of cohesion is the force which 
forma masses, by uniting atoms to atoms of the tatM 
nature. Chemical attraction, sometimes termed 
chemical afSni^, can be «auly distingnisfaed irom it 
by its forcing atoms of dimmilar bodiu, to unite, 
forming new componnds, unlike the bodies of which 
they are composed, the prmxx hang termed chemical 
comlmatKm. It will be shown by experiment that 
chemical action not only forms componnds, but 
destroys those which are natural or artificial, the 
process beii^ termed deeoapoiitwm. This is effected 
1^ mixture with other bodies, or by the agency of 
heat. It may he truly said, that chemical combina- 
tion and decomposition constitute the foundatios of 
chemistry. Numerous illustrations of combination 
and deccHnposition will be presented as we proceed i 
a few must be noticed here. 

Rcperment 1. — Breatiie through a tube into a 
glass of traiurparent lime-water ; in a short time the 
fluid will assume a nt3iy appearance, arisii^ from 



FACTS IN CBIMISTRY. 23 

tlie dissolved lime combinii^ with the iuTlsible gas, 
termed carbonic acid, which we expel (torn the lungs 
by espiradon, the dissolved lime and invisible carbonic 
acid, by chemical affinity, fona a visible powder; 
carbonate of lime, which after some tim^ &Ub to the 
bottom of the vessel, being insoluble in water, and is 
s^d to be precipitated. 

Experiment 2. — So far- we have combined two dif- 
ferent bodies, now we are prepared to illustrate 
decomposition ; ponr a few drops of muriatic add 
(spirit of salt,) into the vessel j by Rotation the 
mixture vrill become again transparent, inconsequence 
of the muriatic displacing the carbonic add, which 
escapes in the state of gas ; the muriatic nuitingwith 
the lime forming a new compound muriate of hme, 
which is soluble in water ; the product of the first 
experiment is then said to be decon^Mwed. 

QUESTIONS. 

48. What ia the difference between chendcftt attraction and 
attraction of coheaion 1 

49. Wimt is implied by ttie term decomposition t 

GO. Wh J does lime-water auame a milk; appesiance when 
«e breathe in It? 



20. Chemical attraction does not come into opera* 
tion unless some of the following conditiooa are 
observed : one or both of the bodies require to be 
presented in the state of atoms, (^Ade 7 ;) this is 
effected by solution, or _fiieion. The following illua- 
trations forcibly display this law :— 



24 FACTS IN CBKMISTRY. 

Experiment 3. — ^Miz a small qoantltf of dried 
tartaric acid and bicarlKmate of soda, exclude them 
from the air in a close vessel, and no chranical act«H> 
ensoes : throw tham, on th« contrary, into a glass of 
vater, this process termed tohtitm, reduces th«n to 
ab>m% when instantly an appearance like boiling 
termed efenetceuce, ia produced) arising from the 
tartaric add sei&ng die soda, fbrming a new com- 
pound, tartrate of soda, thus dislodging the csihcmic 
add, which, seeking its hberty, produces the effir- 
oetcemx. The above is the composition of soda-wat^ 
powders. 

ExpenmmU 4. — Melt two ouBces of tin and one 
onnce of lead in a ladle ; by this process, termed 
Jiuum, chemical attrscticai comes into operation, and 
the compound is termed soft sc^r, used by plumbers : 
this illuBtr^es combination by beat. 

Experiment 5 will give some idea of deeompontion, 
by the same agent. Subject a piece of limestone, 
' chalk, or marble to heat in a crudble, in a short 
time it will be found to have acquired a caustic taste, 
and can be slocked by water, like lime ; in &ct, it is 
the process of Um&-burning on a miniature scale : 
the caustidty arises from the carbonic add, which 
neutralized it, having been expelled. 

From what has been stated, it will be seen that 
aohttion and Jiuion are generally essential conditions 
to enable ns to bring chemical action into play. 



SI. y/hj do not tartaric acid and bicarbonate of soda ii 
opoD each otber oitile dry ! 

62. What is impUed b; the term loludon? 



. „C.H,glc 
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63. How do«s it diff^ from hnon ? 

M. What i> the diJFereBce betneen Ixnliiig rad efferreS' 
ceaeeJ 

65. Give an HIostratioD of cbemloai UtiactkiD and decom- 
po^on b; heat. 



21. There are three kinds of chemicil attraction : 
the firs^ termed simple^ as shomi by eq>eriiiieiit 4, 
consists in simple bodies acting on each other; or 
the same term is applied to the case of compmndt 
nniting vnthottl- deeompotitwn, (eide expeiimcmt I ;) 
hme and carbonic add, beii^ both compound bodies : 
simple' attraction may also b£ seen in a compound 
decomponng snotlier compound, vithout beii^ itaelf 
decomposed. In experiment 3, for example, the car- 
bonate of soda is decomposed by tartaric acid, a com- 
ponnd which unites with tbe soda. 

[The author trusts be will be excused for having 
here so frequently used the term compound, in the ^ 
attempt to render this part of the subject intelligible.] 

QUESTION e. 

66. In lampk obemlcal ■ttraction, is It esMnCial that umpla 
bodies atone sboold be emplojedf 

57. Can jroD give «n lllnstration of dmpU attraetloB 
where one of the bodies is decompoaed 7 



22. The second kind of chemical attraction is 
termed compound. When two compound bodies 
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decompose each other, as will be illnstrated by Hke 
folloniiig experiment, (No, 6,) some term it double 
decompositaoD, dissolve a small quantity of potash 
in a glaas of wnter, and the same quantity of sul- 
phate of magnesia (Epsom salt) in another, mix 
these transparent fluids together, which will imme- 
diately assume a milky appearance, filter the mixture, 
and a white powder will remain on the paper. In 
this case, to use a figurative expression, the adds 
change partners ; the sulphuric acid going to the 
potash^ to form a new compound, sulphate of potash, 
while the carbonic acid seizes the magnesia, forming 
. carbonate of magnesia, which is precipitated, being 
insoluble in water. 

The preceptor can easily convey an idea of this 
subject to the young mind, by the following diagram : 
connect two rods by their centres, as th^ stand in 
fig. 1 ; the sulphuric acid is supposed to be umted 
with the magnesia, forming sulphate of magnesia, or 
Epsom salt; the carbonic acid is united with the 
potash : when the rods are moved, as in fig. 2, it will 
be evident that two new compounds are formed. 




Many other illnstrgitions can be ^ven, by attaching 
new words. 



c»»s'^ 
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OrBBTlON. 

n doable decomposition, o 



23. The third kind of chemical attraction receives 
the name of duposinff, from the following circum^ 
stance (experiment 7) : mix some olive oil with 
water in a phial, no combination takes place even by 
agitation, add some drops of caustic potash ; a third 
body, whic^ will cause the mixture to assume an 
homogeneous or uniform appearance, chemical union 
having ensued, the compound being termed soap. 
The attraction is termed disposing, as the third sub- 
staiice ditpoiet two bodies to unite,, which are other- 
vise hostile to each other, playing the port of a 
mediator, figuratively speaking. 

QUESTIONS. 

Bd. When water, oil, and potaih unite, vb; is the attraotioti 
termed diepoaitigr ! 

fiO. What iB tlie diffBFence between simple, conquimd, and 
dlspoelng attraction ? 



24. The next subject diat comes under review is heat, 
one of the most powerlnl amdliaries of the cheinist : 
in mod instances it is indispensable] for various bodiea 
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may remain in contact, without chemical imion, until 
the temperature is increased. It ia by the agency of 
heat that the ores are forced to yield for our use the 
Tarioua metals ; by heat man is enabled to forge the 
massive anchor ; or from a preparation of the same 
metal, to form the watch-spring. By the term heat, 
strictly spealdng, we nuderstttnd the sensation pro- 
daced by on agent named caloric, (Latin, eahr, heat.) 
In general, however, we make no distinction between 
the cause and the effect. 

We will not introdnce here the various theories 
that have been advanced respecting the nature of 
heat ; it is snffident to pomt out to the young mind 
some of its remarkabte effects. The sources th>m 
which we obtain heat are varions, the aim being the 
muTersal one : we can also obtain ineshaustible sap- 
plies by ehetnieal processes, as will be seen by the 
experiments noticed in tJiese pages ; occasionally, 
meehanKol operations produce the same effect ; tlds 
is admirably illustrated by friction. The production 
of heat by mch means is known eren to the undril' 
ized Indian, who lights his fire by rubbing two pieoeA 
of wood together. Axles of «uriages are from the 
same cause frequently ignited ; and in boring cannon. 
Count Bumford proved that so much heat ia pro- 
dnced as to boil water. This was effected by sur- 
rounding the cylinder with water, preventing it from 
entering the bore by oiled leather. A very interesting 
&ct connected with friction is seen in the whale 
fishery : after the giant of the deep receive! the &tal 
harpoon, he plunges to a considerable depth, moving 
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at the r&te of eight or ten miles an hour, canying 
mth Mm the uncoiling rope from the hoat. " Some- 
' times, however, to retard its motion, it is usual for the 
haipooner to cast one or more turns of the line round 
a kind of post, called the bollard, which ia fixed Bear 
the stem of the boat for tiie purpose, and such is the 
fHction of the line when running round the bollard, 
that it frequently envelopes the harpooaer in smoke, 
and if the wood were not frequently wetted, it would 
set fire to the boat." — (" Jardine's Naturalist's Li- 
braiy," one of the most interesting works of the 
day.) The development of heat by tUction b also 
seen by the percussion of flint and afeel. In this 
well-known operation, the particles of steel are so 
dosely pressed together by the harder body, the 
flint, that BufScient heat is liberated to ^nite minute 
partiGles of steel. Some enroneously suppose that 
the spark proceeds from &t flint, Sbakapeu« enter- 
tained the same <^iuion. 

" Tod cutj anger tu the flint bears Sre, 
Which much enforced, doth «hov a hasty epark. 
And stnught is cold again." 

JULIDS C^BAR. 



In concluding the subject of triction, we may direct 
attention to experiment 8. — Melt one part of iron, 
with two of antimony, in a frimace ; when 'cold, sub- 
ject the mass, termed an alloy, to the action of a file, 
and brilliant sparks will be obtained. 
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atlESTlONS. 



61. TlutiB tlie«:ieDtiflctennrorheat,witliltBderiTstion! 

62. State tomeof the BOOTcesfromirlilchve obtain heat. 

63. GIts -some UliiutrAtioiu of the dlswiga^emeat of h«at 
b7 friction. 

04, When we itrike «teel %g$intt flint, iom the sparic 
proceed from the flint f 

6S. In this operation whj do ire ohtadn anch heat ? 



25. We hxve now to comider some of the general 
efiiecta of heat, one of the most important being 
expansion. 

Experiment 9.— Fit an iron cylinder accurately 
into an aperture made in sheet iron ; when the cylinr 
der is heated to redness, it will be found that it has 
become so much ki^r by the heat separadi^ ita 
particles from each other, the effect bdng tenned 
expansion, that it wiU no longer pass throt^ the 
aperture. If the heated metal be now plunged into 
water, it immediately returns to its original dimen- 
sions, the process being termed contraction. 

The contraction and expansion of metals are fre- 
quently brought into operation in the arts ; for 
example, in maldng large vessels for brewers, the iron 
hoops are made somewhat smaller than the circum- 
ference of the vessel ; on being heated, they increase 
to such an extent, that they drop into their places, 
and by suddenly cooling them, the contraction that 
ensues binds the parts in the most forcible and uni- 
form manner. By a similar contrivance, the wooden 
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parts of carriage wheels are connected bother, the 
iron hoop or tire being made smaller than the wooden 
circle. 

Some idea can be formed of the enormouB force 
with which metals contract on cooling, by the fol- 
lowing cnrcuinstance : — two side walls of the Coiuer- 
vatoire des Artt el Metiert, & museum for models in 
Fans, having been pressed out by -the weight of the 
floors, it was jnvposed by Monsieur Molard to save 
this natioual building by the laws to which we have 
just alluded. Several holes were made in the walls 
(^posite to each other, through these stroi^ iron bars 
were passed, heat was then applied to them in the 
apartment, circular plates having been previously 
screwed on the ends that projected outside of the 
walls, by the expansion of the bars they were length- 
ened ; the circular plates were necessarily pushed 
&rther from the walls, on being screwed up, the bars 
were cooled, contraction came into operation, and the 
yielding walls approached each other ; by frequently 
repeating the same experiment, they were restored to 
tb^ original position. 

QUESTION B. 

06. When «e heated the iron cyliniler, wbj' did it no longra 

pBSB throogb the sperture ? 

67. How does eontractioo differ from eipan^on ? 

68. Wbat use la miide of this t&ct, in patting iron hoopa 
on idteels and large vats 7 

6E>. Explain the process b; which the mneeam for modela 
in Paris was saved iron) foiling. 
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26. The eiqiaiisioii. and contracdou of mercuiy 
enflbles us to asceitaja with great precision the Tarions 
temperatures of siuroimding bodies. The instm- 
ment is termed tliermometer, (Greek, ^epfi^, heat, 
fi^tfioir, a measure :) it conaists of a glass tube, ter- 
miiiat«l by a bulb, or hoUow ball, filled with mercury, 
the opposite end being con^etely closed, by melting 
the tube wvi a fiame, it is then said to be hermeti- 
cally aealed. As the mercury rapands by beat, it 
lises in the tube, and the abstraction of heat pro- 
ducing cold, causes it to fall ; a scale is placed at the 
side, with the divisions termed d^rees. The Britisfa 
diermometer, originally constructed by Fahrenheit, a 
Prussian, is marked or graduated trom 0, termed 
zero, or nought, to 212 d^rees, termed the boiling 
point, at the leael of the tea, (vide 14.) Fahrenheit 
produced his zero by plunging the instrument in a 
mixture of snow and salt, which produces an intense 
degree of cold ; he erroneously supposed that the 
cold produced by this frigorific mixture, (Latin, Jriffor, 
cold, and /ado, to make,) was the greatest that man 
could obtain ; this is not the fitct ; he therefore 
termed the starting point zero. At the 32nd division, 
or degree, he found that water was converted into 
ice, this he termed the fteezing point ; subsequently, 
placing it under the human tongue, the metal rose to 
98 degrees, this is termed blood heat ; about 76 
d^rees is summer heat in Great Britain ; 60 degrees 
the medium. The neit step was to apply heat arti- 
ficially obtained : on plunging the thermometer in 
boiling water, the mercury continued to rise rapidly 
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until it reached 212 degrees, the boiling point, where 
it remiiiiied stationary. It is now necessary to explain 
wky the mercury Stops ; having arrived at 212 de- 
grees, heat BO overcomes attraction of cohesion, (vide 
13,) as to ctmvtrt the water into an invisible body, 
termed steam. As steam occujHes about 1728 times 
the space of the water from which it was produced, 
an increased quantity of heat mast be absorbed, to 
keep it in this state ; as it is entering into the com- 
position of steam, it becomes latent, or concealed; in 
this condition, it m^es no impression on the merenry ; 
arriving, therefore, at 212 degrees, the succeeding 
supply of heat passes off with the atoms of water, to 
form steam. 

QOEBTiONS. 

70. Whet Is the ns« of tbe thermomeler f State its deriva- 
tion. 

71 • How Is it constrocted 7 

72. Deacrib« how Fafareiihelt diridedlt ? 

73. Wb; does not tlio meicnr; pau 212° Then the instru- 
ment Is InuneTfiei] id boiling water ? 

74. Whf do we m; 212° the boiliog poEnt at the level of 
the sea 7 

75. What ia implied bjr the term latent heat? 



27. The ItallowiDg experiments will prove that 
when a hquid b converted into vapour an increased 
portion of heat enters iato its composition, or becomes' 
latent : — 



lOglc -^ 
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Experintmt 10. — Pour some sulphuric ether, s 
very volatile fluid, upon the hand — it is immediately 
resolved into an iaviable vapour, the process receiving 
the name of evaporatum ; at the same time, it will 
be found that an intense degree of cold will be pro- 
duced : this arises from the beat of the blood being 
abstracted to become talent while entering into the 
compositioa of the ethereal vapour. 

Experiment 11. — Drop snlphuric ether upon the 
bulb of the thermometer, previously covered with 
cotton; as it evaporates, the mercury can be made 
to sink below the freezing point. From these state- 
ments, it is easy to comprehend how damp clothes 
produce disease, by reducing the temperature of the 
surface of the body below the natural standard. 

Upon this principle, apartments are kept cool in 
India, in the following maimer : — Slave» are emplc^ed 
to sprinkle with water curtains suspended in the 
rooms ; the rapid evaporation that ensues reduces 
the temperature within. The Arabs, while crossing 
their arid deserts, keep the water cool by covering 
the jars with lineo cloths, which they occasionally 
moisten. According to Adieneeus, the Egyptians 
employed the same process. 

The porous earthenware vessels now used as wine 
coolers act upon this principle, the wat«r imper- 
ceptibly evapor^ing at the external surface. The 
following suggestitm may be found useful in domestic 
economy : — If we require a cold drink in summer, it 
can easily be obtained by roUing hnen round the 
vessel, then leaving it immersed half way in water. 
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Tht Upper portion of the linen nill continue to 
absorb the fluid from below, while the heat of the 
atmosphere is producing rapid evaporation, and con- 
sequently the contents of the vessel trill be cooled. 

aOKSTIONB. 

76. TliM is nndergtood by the term eVftporsUon t 

77. Wlen mlpharic etber Is poured on the hand or the 
thenDOmMsr, vhy U the Mmsation cold produced ? 

78> Bow are the ifiartmentB in ladla kept cool ? 

79. Vbj ue porooa ewihenirare Teuela lued u wine- 



28. Before we dose the subject of the thennometer, 
it is necessary to state, that Fahrenheit's is used in 
the British dominions. In France they employ the 
thermometer constructed by Banmur and Celsius; 
the latter is termed the centigrade, as the number 
of diTisions from tbe freezing to the boiling point 
an 100, (Ladn, eatttim, a hundred, gradia, a degree.) 
A. fourth kind, termed De L'lale's, is used by the 
Russians. In an elementary work like the present 
it is advisable not to enter into a fiirther description 
of these instruments. It is to be rq^retted that 
philosophns do not agree to employ only one of them 
in ereiy country. 

arxsTioNs. 
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29- It should be p&rticularly bome in mind that 
a few bodies eonhtKl by exposure to heat. Tlus 
is puticul&rly the case with pipe-clay and wood. 
This effect is produced by the expulsion of the 
watery particles causing the atoms of those bodies 
to approach each otii« more closely than in their 
natural condition. In slate quarries wed^ are 
formed of baked wood; when these are driren into 
the rocks they absorb moisture, and the force pro- 
duced by the wood returning to its or^jiual dimen- 
sions causes the strata to separate. Few persons 
who hare not tried this experiment can tbrm an 
adequate idea of the enormous pressure that can be 
thus summoned up by simply moistening baked 
wood. 

aVESTIONB. 

62. Do aU bodies expaod bj beatf 

83. WI17 do pipe-ela; and wood oontraot b; heat ? 

84. Describe tbe procesa bj iMcb slate rocks are some- 
times split b; wedges f 



30. We hare shown that heat produces expansion 
with a few exceptions. We may now advert to the 
interesting fact, that there are some exceptions to 
the law that cold, which is merely the abstraction of 
heat, causes bodies to contract. 

Experiment 12. — :Pour some melted bitmuth, a 
metal, into a bullet-mould; in cooling it will be 
found to have completely filled the cavity, showing 
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that it expands in cooling. This is taken adrimtage 
of in making small type meta], which is composed of 
nine parts of lead, two of antimouj, and oae of bis- 
mnth ; this mixture of metals, termed an alloy, ex- 
pands in cooling ; the mould is therefore entirely 
filled when the alloy is cold, and consequently no 
blemish is fomid in the letters. This constitutes a 
very important improvement in printing. Water is 
another remarkable exception to the law, as it expands 
in freeing; when its temperature is reduced to 32° 
Fahrenheit's thermoiheter, it becomes a solid, termed 
tee ,- the process is termed congelation ; at this point, 
instead of descending to allow the warmer portions 
to ascend, it remains stationary, or, in other words, , 
it floats. Few operations in nature show more evident 
proof of the benevolence of the Deity than this pro- 
vision. If water had obeyed the general law in 
freezing, the ice in contracting would have smik to 
the bottom, leaving another surface to he frozen ; and 
thus, after some time, the ocean itself would have 
become a soUd mass, entombing the myriads of its 
inhabitants, and the summer's heat of the succeeding 
year could not possibly have thawed it. Sometimes 
inconvenience and even danger to the individual, 
results from this esceptioo — "partial evil, nniveraal' 
good," {"or example, water-pipes are burst by the 
freezing water; and even trees and rocks are torn 
asunder by water lodged in their crevices becoming 
ice. Floating icebergs constitute a fbnnidabte illus- 
bntion of this danger. 

Experiment 13. — J^ a phial with water in winter, 
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uid, having corked it, place it outside of the window 
exposed to frost — ^in Uie morning tlie glass will be 
found broken, and it will be seen that the ice is 
larger than the original water. 

On one occasiim. Major WilliamB tried the f(^ow- 
iug experiment at Quebec : — Having fitted a ping 
weighing 31b. into a bomb-shell filled with water, he 
exposed it to the action of the frost. The ei^anuon 
of the contents in freezing projected the plug to a 
considerable distance ; in screwing in the plug after- 
wards, the shell was actually bnrst. May we not, 
then, say, " Nature, nature, who can stop thy coarse !" 

aOESTIONS. 
86. Do all bodies conlnuit by Mid 7 

86. Wlj la binnath Dsed in nuking raoalltTpe'iDetal? 

87. What design liad tlie Creator In view in ord^nlng tliit 
water shonid eipand in idling ? 

88. When water freeze* in pipes and orerioei of rocks does 
it exert an; force ? 

89. I>e«cribe the experiment vhldi wu tried In QoelMC bj 
HijorViUismB? 



31. It would be advisable to try the following 
(experiment ]4) for the purpose <^ showing thM 
water also expands by heat: — Pour water into an 
oil-flask* to within an inch of the top— on holding 

' Tonng penuim who sn deiiront of perfbnuing eiperl* 
msnts, ihould colleot the empty oll-flaalu it home, and have 
them washed with potwh— they wiU be (bond extremely weftO, 
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it over the £re the contents inll overflow considerably 
below the boiling point. Thig experiment exhibited 
to a serrant wonld show the necessity for not filling; 
the kettle, as is nsually done. 

32. While the flask ia in the hands of the operator 
it would not be a loss of time to try experimmt 15, 
Boil a tea-spoonfiil of water in the flask — when fiill of 
ateam, which occupies about 1728 times the space of 
the original water, invert it suddenly in a basin of 
cold water; the heat being abstracted from the 
confined steam, in returning to the state of water 
it contractt to its original dimensions, leaving a 
vBcunm in the flask ; the atmosphere then pressing 
on the water in the bamn will force it up into the 
flask with considerable velocity, and in many cases 
will crack the flask. This experiment, presented 
accidentally to the gifted mind of Captain Savery, 
led him to coustract the first steam-engine that was 
brought into operation in 1698. 

QUESTIONS. 

90. Yon hare s^ that water expands vhea frozen — does 
it slaa expand when beated ? 

81. To what ektentdoes water expand irtien it la converted 
Into steam? 

92. When a flask filled with steam is anddenl; immersed in 
cold water, why is it immediately filled from below 7 



33. We will close the snbject of expansion and 
contraction by directing attention to air, which is 
also subject to this law. 
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Sxperiment 16. — Invert in water an oil-flasV half 
filled with the liquid ; pour hat water on the flask, 
when it will be found that the expansion of tlie coa* 
fined air will expel the water. The couTerse of tltis 
is equally juteresting. Having inverted the flask in 
water, pour some snlphuric ether over it ; hj it* 
evaporttion (vide ezper. 10) the confined sir will 
be rphbed of a portion of its heat, and, contracting 
into a snialler space, will allow the atmospheric presr 
sure to force the water into the flask. Upon the prin- 
ciple of air expanding and contracting, air thenno* 
meters ore constructed. 

Experiment 17.-^Hold a l^^t paper balloon over 
ignited spirit of wine ; the heat will expel such a 
considerable portion of the air that the balloon will 
ascend from the following cause: — Heat is impon- 
derable, that is, has no weight ; when it excels a 
part of the air, a ponderable agent, the remaining 
portion, mised with the heat, occupies the cavity of 
the balloon-^and thus becoming hghter,than an 
equal volume of the external atmosphere, it ascends 
upon the same principle that a cork floats in water. 

QUESTIONS. 

93. OiTe an illnBtratlon of the ezpuieion and contraction 

M. Vhon jOD Ignite spirit of wine nnder it paper bslloon, 
wh; does It ascend? 
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34. We have now to consider the transmission of 
heat by eottduetion. It can easily be proved that 
heated bodies part with the overplus of the calwic 
to surrounding agents until a balance or equilibrium 
is established ; but it has been wisely planned by the 
Creator that all substances should not have the same 
power of abstracting it from the heated bodies. On 
this account they are divided Into good and bad 
conductors, the protxss b^ng termed eonductioH. 
Solids possMs this power in a greater degree than 
liquids or gases. Among solids, metalt are the best. 
Among had conductors we find glass, baked wood, 
charcoal, sand, hair, feathers, and fur. This can be 
nmde erident to a child, by holding rods of wood 
and iron over the flame of a lamp — the wood, while 
red hot at one end, can still be held by the other 
extremity ; this will not be the case, however, with 
the iron — proving the unequal conducting powers of 
these bodies. A similar case will be seeu in the 
construction of a teapot — the handle being a, bad 
conductor of heat. 

35. From a knowledge of these facts, we cannot 
fail to be struck with astonishment at the inimitable 
skill with which the Creator has protected animals. 
We have^d that hair, feathers, and fur are among 
the worst conductors of heat : if, therefore, we cover 
a heated body with any of them, its temperature will 
be preserved from the external atmosphere ; and it 
is worthy of observation, that in proportion as the 
climate is colder, the non-conducting cover is increased, 
as we see by comparing the few hairs on the elephant 
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QUKSTIONS. 



102. VhjaretliaeggBoftlieliutlehatcliedbybeiiigbDried 

103. Why do thick ^asB vewelB split more easily by heat 
than tliin ones? 

104. Is water a non-oondactor of heat ! 



THE ELEMENTS, 



39. When we look aronnd us and behold the 
endless yariety of nature's productions, it appears 
impossible, at a superficial glance, to ascertain the 
simple bodies or elements wbich enter into their 
compositions. By the unwearied exertions, howerer, 
of the human mind, we are led to suppose that about 
fifty-five elements were employed by nature in con- 
structing the animal, vegetable and mineral kingdoms. 
This is at present the rec^Ted opinion i subsequent 
discoveries may prove tiiat they are more or less. 
The ancients supposed that the elements of nature 
were fire, air, earth, and water : modem chemistry 
proves that the three latter are compound bodies ; of 
■he real nature of fire or caloric nothing as yet has 
been determined. We find traces of the ancient 
opinion in poetry and general conversation. Thus 
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we usually Sfty dormg a storm that the element* are 



" As yet amid this tlmuntal war 
That scaUera deBoUUon irom afar> 
Nor .toil, Dor hazard, nor distress appear. 
To sink the seanum with onmanl; fear. " 

— Falconet'i Shipicrtck. 

Before we consider the properties of some of the 
elements, it ia necessary to state that no natural or 
artificial operations cause their destruction. Chemistry 
enables us, it is true, to decompose compounds pre- 
sented to- US by nature, and from tbeir compound 
parts to form new combinations. This we can 
repeat at pleasure, but the elementary bodies which 
we have thus sported with remain uninjured. This 
is one of the most certain facts with which man is 
acqutuntcd. 

aUEBTIONS. 
106. What is an elements 

106. Were tb« ancients correct is calling fire, sir, earth, 
and water «iMnents of nature ? 

107. How many elements are we acquainted with P 

108. Are the element* erer destroyed durin); natural or 
artificial operationa ? 
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LliT OF BLBHENTB. 
TkoM marked (*) xUl b« particularly tviHced £■ Iht fiUowing 



1. *Oxsgen. 


29. •Copper. 


2. •Hjdrogen. 


30. •Iron. 


3. •Nitrogen. 


31. *Lead. 


4. •Chlurine. 


32. •Tin. 


6. •Carbon. 


33. •Zino. 


6. •Sulphnr. 




7. •Phosphonis. 


36. •Arsenic 


8. •Iodine. 


36. "Cobalt. 


9. -Bromine. 


37, •Manganeee 


10. Fluorine. 


38. •Bismuth. 


11. Selenium. 


39. •Chromium, 


12. Boron. 


40. Tellnrio^. 


13. •Bilicinm. 


41. Titaniom. 


14. *Aluminum. 


42. Cerium. 


16. «H^ueBiQm. 


43, Glncinnm. 


16. yurium. 


44. Tnngsten. 


17. Zirconium. 


46. Vanadium. 


18, Thorinm. 


46. Malybdennm 




47. Cadmium. 


20. •Sodium. 


48. Palladium. 


21. Ltthlam. 


49. Rhodium. 


22. •Calcium. 


50. Iridium. 


23. •Barium. 


61. Ownium. 




62. •Nickel. 


25. •Gold, 


53. Cranium. 


26. •BllTer. 




27. •PlaUnum. 


66. Tantalum. 


28. •Mercnry. 





OXYGEN. 
40. This is one of the most important and universal 
agents of nature. In an imcombined or free state it 
is a gas 1 this tenn is applied to those bodies that do 
not become solid or liquid at the ordinary temperature 
of our alnuuphere. Oxygen forms about a fifth part 
of our atmosphere, eight parts in every nine of water. 
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an immense portion of our solid globe, and enters into 
the Gomporitiosoferery animal and vegetable. Tak- 
ing this view of the cue, thne is no mind that can 
investigate this subject without ieelings of peculiar 
interest. The term oxygen is derived from the Greek 
(8f»», add, and '^evyam, to create), as it was supposed 
by Lavoisier that it was the sole cause of the formation 
of acids: subsequent discoveries have proved diat this 
opinion was ftlse— the term, however, is still retained. 
It was discovered by Dr. Pnestley in 1774. 

41. It can be obtained' from various sources, from 
which we'select the following : — 

Experiment !8. — Put one or two ounces of black 
oside of manganese, a compound of oxygen and man- 
ganese, into a small glass or earthenware retort, (fig. 
3,) with about an equal Weight of sulphuric acid 
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(vitriol). On applying the best of k lamp, the 
sulphuric add will etaze the metal manganese, and 
liberate the greater portion of the oxygen, wfaieh 
can be collected in inverted glass Tessels placed on 
the shelf of the pueoiftatic trough' — (so termed from 
*vmt/M, air or gas, a« it is oidy used for colleetii^ 
gases.) A little practice will enable a young person 
to use it.— (Ftrfe fig. 9.) '"'■ "• 

The wood-cut represents 
a tin pneumatic trough of 
Griffin — convenieat di- 
mensions are, thirteen 
inched long, aeven wide, 
and four deep. The shelf 
B is one inch wide, and 
C three inches. At the 
end there is a pipe, F, 
half an inch from the 
top, that carries off the 
water as it flows from the 
Tarious jars during the 
operation of filling them 
with gas — the sliding 
vessel E receives this dis- 
charged water. The shelf 
D, perforated in the cen- 
tre, moves along B and 

C ; the dotted lines represent a tin vessel soldered 
beneath, to prevent any gas from being lost as it 
passes from the retort, the beak of which is placed 
nnder it. To collect gas by this ^paratos, a glass 
jar is filled with water, and inverted, as in fig. 5, 
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Upon the tnercable' shelf D (fig. 9.) As the gas 

enters the vtater is displabed, and flows through F 

into E. The ^rs, when fiUed inth gas, may be left 

Ob the fixed ^fa^ C, or retnored widi thtir months iii 

tMys oontfiinitig water, ad in fig. 5. 

The earthenware chemical apparatiu, 

oonatnicted by Mr. Griffin of Giaagcm, 

is admirably adapted for beginners >) 

the expense is very trifling. Tbe 

safety-tube, %. 4, made of glass, 

should be attached to the retort — its 

principal use is, to ^vient the eX' 

temal atmosphere pressing on tha > 

water m the Ikastn or jmeimutio " 

trough' Avm forcing a portion of oold vmtar into 

the heated retort when a vacUnm would be fonned 

by the removal of the lamp (examine carefiilly »per. 

15.) The saiety-tabe is about sixteen hwhes loog, 

bent as in the figures— the dotted lines r^tesent water. 

When a vacuum is formed, the air rushes throngh the 

tube into the letott, forcing a passage thro^h this 

small portion df water. /' 

Experiment 19. — We cannr6itnire a considerable 
quantity of oxygen by-^tstSgtiie black oxide of man- 
ganese alone — in this gase a greater heat must be 
employed. Instead of a glass retort, a cast-iron 
bottle is employed with a small iron tube ground 
into it : the other extremity dips into the pnetunatic 
trough. As the heat of a lamp is insufficient, the 
vessel must be placed in the fire. An old gun- 
barrel, havii^ the touch-hole closed, is an excellent 
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substitute for the iron bottle. The joints should be 
covered with & paste or lute composed of fire-elay. 

fa^erunent 20. — Oxj^enof&veiy pure description 
can be obtained by heating s small quantity of chlorate 
of potash in a glass retort — for general e:q>eriments 
this salt vould be found expenaiTe. 

The followiag cheap substitute of is. s. 
Griffin for a pneumatic trou^ trill 
be found interesting. — {Vidt fig. 
2, uid 3.) Figure 2 represents a 
wooden block with an opening cut 
in it, as ^trn in the sketch. 
The bottom is {du^ed vrith lead to 
cause it to sink in water. Pig, 
shows the manner in which it is placed in a basin 
of water. Whwi a long glass vessel, termed a jar, 
is to be filled widi a gas, place it full of water, in 
an inverted porition, over the hole cut in the block ; 
when the beak of the retort (fig. 3) is placed in 
the ppening, the gas issuing from the retort enters 
into the jar and displaces the cotnmn of water. In 
the absence of a pneumatic trough, tins arrangement 
will answer for young persons. 

QUESTIONS. 

109. VWt is underttood b; the term gssF 

110. Is oxjgren |r^ emplo}«d by nature •> on nDireraal 

111. Wh^ ia tbe derivulen oTthe term? 

112. B; Thorn was it dtacoT«red? 

113. 1b ai}%ea Thicb lignifles add-maker itrictly correct ? 
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114. Wlien ne poor aBlphiDio »dd on Mwk oxide of man- 
gMiMe and tpply ImM, vky do m obtidn oiy gan ? 

115. How «ui <r« obufn oxygen from the oxide of manga- 
nete irithont sulphnrio acid ? 

116. What is the deriTatlon of the term posiimatic ? 

117. Describe the geaerd prindple apon wblcb a pnen- 
toK&E trongli it made? 

42. In a pure state, oxj'gen is devoid of colonr, 
taste, or smell — it can, however, be euil;^ distinguished 
from any other gas b; the follovriug properties t — 
' Experiment 21. — Having caretuU; removed one of 
the jars (fig. 5) from the shelf «f the pncumatio 
trough, with its month immersed in a tray of water, 
■uspend in the oxygen a piece of lighted darcoal ; 
it wiQ immediately burst into a splendid flame. A 
similar effect is produced vigoa a coil of red hot iron 
wire, or a taper that has been just extinguished, the 
^ck *tm remaining ted. 

Experiment 22. — A piece of ignited phos- fis. g. 
phoTua, placed in %. 6, bums with so 
intense a flame in oxygen that the eye can Q 
scarcely bear its brilliancy. This is m dan- IT 
■geroua expeTiment ; in Gtct, any experiments / 
with phosphorus should be cardiilly per- | 
fbimed by youi^ persons, as this extraor- || _ 
dinaty element ignites by the heat of the ^^ 
hand, and produces a more dreadinl bum 
than red hot iron. It cannot be suffici^itly impretaed 
upon the memory that it should be ccd under water, 
when required, into pieces not exceeding the size of a 
pea, which should be removed with a pointed wire. 
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Experiment 23.— If a ^^ow-worm be placed in 
oxygen in a dork room, it moves nltU increased exer^ 
tion, and its lamp bums witb a brighter flame. 

The comjtoiinds formed by phosphorus, &c., with 
oxygen, .alluded, to in: the pareceding.eiqierimentSr itre 
divided iato aeidt and osndei. T!\m ■. phosphwus 
becomes an add, so does &» charcoal {vide carbomc 
add); the iron wire) tm the contrary, is converted 
into the oxide (^ irosiipopuhirly termed mat; the 
iron,.-uiideranchciicumBtaiices, is aaidto.be oxidized. 
The ppooesB is termed, (unifaljon. Sometimes this 
oxidation takes ptaoei slowly, and without any ap- 
peaRmoe<tf heator l:^t,.«s isaeen in the rusting 
of iron and the m^rity of the metals, wben exposed 
to theiBctioD of the atmosphere. In these cases the 
metallia' lustre is invariably destroyed — particularly if 
the metal bare been rndted.: some: fine metallic 
colours, red lead, cobalt blut^ &o.i are prqMired in 
this way. 

43. TbeoEdinarycoinbustion'ofinflammabtebodieB 
is nothing more than the consumption of mygw 
derived Irom the snmounding air, a fi£& of which 
is oxygen. This will be more fiiHy . explained pre- 
sently. 

The most impoirtant portion of the subject is the 
part wbidi'the oxygen of the air playS'in the ammil 
economy, it being the principle thM auppoits life, as 
wUl be explained when we tPMt o{ eariome acid. 
The next gas finr consideration ia-tiitn^ai, that foniiB 
the greater 'put of the atmosphere. 
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.QUsarroNS. 



118. Wieti «-piMe'of lifted ^laroeal' 1j wepended hi 
njgtn, what p«a*lter «flbat Uprodaeed? 
.110, DoMJMdhotinMi wlMb«niteoifx«n? 
120.. Doea Ignited pho^iboraalmriLiii tUilgU? 

121. Is a glow'Worm affected by It? 

122. What tTD great elassas of componnda are formed by 
oxygen muting vitll other bodiee ? 

123. ' When charcoal bnfna In oxygen, wbat Ii formed f 
[24. 'What does Iron ftmn nnder afaiillBi ctrciiinatMtcw ? 
12B.^»eea OiMiUod, -AU^ ilgaffiea itlie abaoi^itlOB of 

oxyfovtAB place InAe atmoapheaB t 

128. In the combnaUon of ooal, candles, &c., is this g»» 

aotiTely engaged? 

127. Vliat pnpcnrtio'B of oat atmosphere does oxygen 
forat? 

128. Is.it instrumental in supporting Ufe ? 



.NITROGEN. 

. 44. lUiB ^W'lB '« temed, beeame ttentanlnto 
'dw conqiBnlion ndnatie. It mta fenneriy tramed 
«zata >(troni q, the 'Overic inegatiTe, rad ^a^i life), 
-bccstiseiit destroya life. Iliii title was idbjeetionalile, 
BsdiereareiiaBii^othQrdestnntne agenti; Nitrogen 
'is tighter itliBn: sir, iBiid Avms ibnr-fiitiw of the Tohune 
of our istmepharei] ihe itemmmog iSBh is t»7geii. 
it is -fimnfl fn 'rfl ■miniiil tm^wf nfwt, Tn4 mfim to 
^tomote'T^itbitioaiiit'a.'coiniieiiAle.d^net nHtis 
jimaiiaftly ifinind ;to finm a >«maidarable poitioa of 
^ium^psTtiJif planlB nfaiGb'peTfDim'tfae moat impu- 
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tant offices. Its principal use in the atmo^tliere is 
to dilute it, which, if composed of oxjgen alone, 
would consume inflammable bodies with too mucb 
brillisncj. Life, also, would have been of momeatarjc 
duration without the nitrogen, as lias been proved hj 
placing a small animal in oxygen. Its first effect is 
to stimulate — this is attended by laborious and hurried 
breathing followed by the deatli of the animal before 
all the oxygen is consumed. It is particularly worthy 
of nodce, that if we ttearly lererse the proportions 
of osygen and nitrogen which form our atmosphere, 
we will form an add termed nitiotu, or aqnafbrtis. 

100 parts of ilr sre composed of 79 nitroten, 21 oiy^n. 
100 puts of nilroiu add, 2G nitrogen, 76 oxjgeu. 

This alone gives us a strong proof of how much we 
owe to the Creator, without whose special superin- 
tendence the proportacMis of these gases might be 
reversed — then onimab and plants would perish from 
the withering influence of the add Auues. 

Experimmt 24. — By the following simple process 
we obtun nitrogen suffidently pure for general pur- 
poses :— ^nite a piece of phosphonu, the sise of a 
pea, on a small stand under a gUss jar divided into 
fire parts, with ita month immersed in two or three 
inches of water. As the phosphonu bnms it con- 
sumes the oiygen of the confined air. forming white 
add fumes, whiidi in a few minutes will be absorbed 
by the water leaving the nitn^en within. The ftce 
that had been oooopied by the ooygen wiD be taken 
by the water fcom below, and w it rises as high as 
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one of the fire divisions, it nill ^ve b good idea of 
the proportion of asygea in the atmoaphere being 
one-fifth. This is the moat simple but not the moat 
accurate process. 

Exjteriment 25. — If vre take ajar of nitn^n&om 
the pneumatic trough, and quickly place it, while 
inverted, over a lighted candle, it will be extinguished. 
This proves two points — that it is lighter than air, 
and destroys flame. 

Experiment 26. — It may be interesting to prepare 
artificial atmospheric air, by introducing one-fifth of 
oxygen into the jar of nitrogen prepared by exper. 24. 
When the oxygen displaces the water, the two gases 
should be mixed by agitation, when it will be seen, 
by plunging a lighted taper or a mouse into the 
mixture, that it resembles air. 

arESTioNB. 

129. Why ia oitrogeii >o termed? 

130. Is It objectiooablc to call It aiote f 

131. B; what experiment nill ;oa prove tlMt tt it Ughter 
than all? 

1S2. Wlist is it mixed with to form »it T 

133. Vbat proportion of tbe atmosphers doea It form ? 

134. U it foond in aoiniB] Bobstancea ? 

13G. As It destoofB life, what is its use In the atmoepliere ? 

136. If we rerene the proporUons of nitrogen Rod oxygen, 
■utaX wUl resnlt? 

137. Describe the experiment by which we can obtain 
idtrogen ? 

188. How can we pr^ar* ardfidtl atmos^Mrie air ? 
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HyiHlOCiEN. 



45. l^iis element&ty body pk;s a most important 
part in the ecoaomj of nature, and therelbre must 
be particularly conddered. The term h derived 
from the Greek vtap, tnUrt, and ifervaw, to form, 
because it enters into the composition of mter. 
Thii tenn wu §^en h^ Mr. CaTen&h, by whom 
its properties were first aecnrately described. It 
can otity be obtained in its free atate from water, the 
composition of which iB — 

Br wdgliit, • s Myiriygm, • 8 parts. 
„ . . Oxygen. . 1 piwt. 

&y mewnre or volume, BjiingtTi, . 9 jnits. 
u Ozjgen, 1 part. 

3 water. 

This gas is fonud nearly in all animal and vege- 
table Bubatancea : it is exeeedttiffb/ inflammable, but 
extinguishes fisme ; it is also destructive to U& ; it 
is the lightest of all known bodies. Some idea of 
its leVi^ can be formed from the foct, that it is 
nearly fourteen and a half times lighter than air. 
In consequence of this property, it was originally 
employed for inflating balloons. It auqr not be 
uuintesMting tn state tiiat Montgolfier of France 
first exhibited the ascent of a lai^ balloon iidated 
by heated air, in 1783 : Piktre de BoBier was the 
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In December of %he wme yeuv Mewn. 

ChuleB sod Roberts aaeeoded from Paru m the 
first baUoon inflated with hydrogen. Blatre de 
Bozier then tiied a baUotm nith heated air placed 
below one cantainii^ hydrog^ wbidi, taking fire 
at a onAidentble height, proceed a fatal result. 
In the present day, c«al gtM, nhich will be con- 
ndered in the artiole carbon, ia used instead of 
hydrogen. This substitat« was first Tpropoaei hy 
Mr. Green. Some idea of the dWerence in expense 
may be formed tram this statement-.^Mr. Green's 
balloan can be in&tUd with coal gaa for twenty 
poiradfi; & aaffidflitt quantity of hy^irogen woald 
coat one hundred. 

Siqttriment 37. The process ' 

l^ wluch ws obtain this infiam- 
nuble gas ft^m water is very 
shn[de : baring made a mittaie 
of two dradims of sulphnrie 
acid, (vitriol,) and one oonoe of 
water, in a gas bottle (fig. 6,) 
add some inm filings, reoentl^ 
prepared,* a violent action will 
instantly commence, uiung iiom 
the iron separating the oiygen 
from the water ; the compound 
of iron and asy^n, termed oxide 
of iron, is then seized by the I 
sulphuric acid, to form a salt, 
termed snlphate of iron ; the hydrogen being liberated, 

* They can aJifayg be bad at ttae twnch of the Ironmonger. 
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eicapes in the sttfe of gas, and can be collected in 
the pnenmatic trough, a small b&llocm, or bladder. 
This vos the original process for inflating balloons. 

3%epi^il it eameitty re^ttetted twtw to t^gtlt/ a 
lighted taper to the bottle in which the hgdrogen is 
generated; leriotu aceidentt tometiMet aritit^ from 
a portion of air, originaUy in the veuel, being mixed 
with ittfomuMg an eayloiitfe mixtwv. If the hydro- 
gen be eoUeeted in a bladder, or pnavmatie ttvtiffh, 
the /oUouring experimentt eon be performed with 
perfect lafety, {Fide experiment 3^^ 

Experiment 28. — By passing a conrent of steam 
through a red hot iron tube, we can also obtma hydro- 
gen. This arises from the heated aoa decomposing 
the water ; that is, it seises the oxygen to form oxide, 
or rost of iron, when the hydn^n passes on in a 
free state, and can be cdlected for experiment-: the 
process is very smple ; a tube, with a stop-cock i^ 
tached to it, is to be soldered to a gnu-faarr^ in the 
utnation of ^he touch-bole, through this a small 
quantity of water can be poured when the gun-barrel 
has been made red hot in the middle, by being laid 
across a strong fire. 



Experimeni 29. — mi two or three hmg jais with 
bTdn^n, by performing experiment 27 ; remove one 
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of them is its ittoerted position, and apply a lighted 
t^r ; the gas will instantly take fire, but it will be 
o^rved that it boras slowly ; this arises tram its 
levity causing it to reinain in the vessel, imd conse- 
quently, aa the oxygen of the external air can only he 
supplied at the lown snr&ce, the combustion must 
proceed slowly. 

Easpaiment 30. — ^The converse of this is important : 
OD applying the t^ier to the gas, in a jar placed with 
ita mouth upwards, the flame will be but momentary. 

Experiment 31. — ^While the hydrogen is boining 
slowly at the lower sur&ce, (eide experiment 29,) 
suddenly insert into it a lighted taper, which will be 
extinguished. If this be contrasted with experiment 
21, it wiU be seen, that under ordinary drcumstauces, 
o^gen eukbles inflammable bodies to burn, or, in 
other words, supports combustion ; but it is not itself 
inflammably while hydrogen is exceedingly inflam- 
mable, but does not support flame : thia diitwtetion 
thould be remewAered. 

Experiment 32. — It is now necessary to ascertain 
iriiftt becomes of the consumed hydrt^^en, for we 
know that it is not destroyed, (vide question 108.) 
The following experiment will prove, that as it bums, 
it unites with one volume of oxygen, to form water : 
attach a stop-eock and nonle to a bladder, then 
having fiBed it with hydn^en, ignite it, and hold over 
the flame a larye dry glass vessel, ia a few moments 
water will be seen, in the form of vapour, upon the 
inride of the inverted vessel. The pr<qper method of 
fiUing a bladder with gu, is to moisten it, and expel 
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the contBined ai^ by pressiilg the sides together, 
while the openlor ittiches it to the gne bottje, 
(fig. 8,) w liie JRT Jbr 1^ fneinaadc shelf, (mife 
fig. 7.) Fr(»B tiuB stateinent the papil will eanfy 



A why a bent tube, tBrmiaBliiig hi a hollov 
f^am hill, IB plated orer gas lamps in ;ri>o}]B ( the 
wstoy TBpoiir produced by the union lOf the hfditK 
gra of the <coal gas with the «aygen «f the air Iwibi; 
coaled in the bent tudie.isAolleebediii'tbe'bsU. Fani- 
liar &ctfi Uke these ahoold alwi^ be CKplaiaed to 
^nmth by fiim preoeptoTS. 

Saiptrmmt aS.-^Wbile hydngen unites wlb 
n^gen to fona vatei^ * .ndent a3sd SKddeo adfioD 
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takes place, whidi dui be prOred by mudiig one nm* 
nrre ef oxygen mib two of 'kydte^mmAblaMm' ,• 
oHtf other v«we/ ^ouid b« tamdtd. AAer a slight 
a^tadon, piwoe the bladder mth- a pouted iHstni- 
ment, and apply a tigbted U^r ; a very load explo- 
sion will ensue,' with the destraotion of thebladder. 
If it be attadied to a wall, no accident' con pom&ly 
oeeur, otherwise it wo^d 'not be noticed in these 
pages. From this^ foet' it wUl be tosdentood why it 
i» daUgerdos-to i^ipl^ a'l^hted' taper te the- bottle in 
winch hydn^n is g^erated: a portion of air mi^ 
be- mixed with it, and the plosion fUlows;. the 
^aks Tetsd win genei^y be broken; A i« icptd 
thU AM* eautimmlt Mmr' &# forgotten. The five- 
damp of' cmI mhfea results 'ftioiii a simflav canse. 

Siiperimmt 34.— Attach a smohfa^-pipe to the 
gas hottle, having placed some so^ laUier m the 
bowl ; bnbbles, called soap balloonsr will be formec^ 
which, by a little dexterity, can be detached ; these 
wiU rapidly ascend ;- or fwoooie at the tc^-shop a 
French balloon, made of animal membrane, which 
wiU ascend when inflated. 

Experiment 35.— The follswing isa beautiful' illus- 
tnti<m of the affinity or atteaetion wfaidi hydrogen 
has fbr oxygen : — dissolve a few grains of nitrate of 
silver, (lunar caustic,) composed of oxygen, nitric acid 
and diver, in distilled water, moisten silk or paper 
with the solution, and hold it closely over the bottle 
from which hydn^ien is escaping, in a few moments 
it will be seen that a metallic coat of silver is ex- 
posed, resulting from th^ hydrogen having removed 



62 FACTS 

the o^gen from the salt of ailrer, or deoxidised it, 
causing the liberation of the nlver, which is not 
soluble in the mtnc aeid without the oxygen. When 
the student commences the study of galTaniam, he 
will find that on this beautiful prindpte are founded 
Daniell'a battery, the electrotype, &c. 

In concluding the aitide on hydrogen, it is neces- 
sary to state, that it is extensively used with ox^;en 
in the proportioiu to form water, in the oxy-hydrogen 
blow-pipe, and oxy-hydrogen microtcope : in the first, 
to obtain such an intense heat aa to melt the most 
refractory bodies ; sad iii the second, to procure a 
light, with the assistaace of lime, which is intole- 
rable to the eye. In usiBg ^eae instruments the 
gases are kept in separate vessels ; by pressure the 
two streams are sent into a single chamber, lying 
behind the nosde ; by this anungement no accident 
can poidbly occur. 

atmeTioNfi. 

139. Vlist U the derivation of the term bTdn^eaT 

140. Who proposed it 7 

141. From irbat, eta it be obtained? 

142. Vliat b the compositiaii of wster b; TolDme and 
■eight ? 

143. How m&n; times lighter than air is hydrogen? 

144. Who first amended in a balloon in the year 1783 7 

145. Are balloons inflated irith pure hydrogen in the pre- 
sent day f 

146. On pouring gome iron filings into a mixture of Hui- 
phuric acid and mUer, why is the hydrogen liberated f^m the 
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147. Can yon espials vh; It is dssgerons to apply a 
ligrbteil Uper to the K«a-bottle ? 

148. Vhen steam puses thraugh a red hot Iron tube, vhy 
does hjidrogen make its appearanoe at the other extremity ? 

149. when fon apply a lighted taper to hydrogen, with 
Uie month of the vessel dowmrards, why does it bnrQ eo 

150. 'Would it bnm without the oxygen of the surronadlng 
»h-t 

151. Why does It born so rapidly when the vessel is not 
ioTerted 7 

162. Does a lighted taper bora hi hydrogen ? 

163. Wonld an animal live In the same sitoatioa f 
- 16i. What alone snpporta life f 

ISS. Desoiibe a nurked diatinotien that exists between 
oxygen and hydrogen with rei^eot to inilammability 7 
166. WhUe hydrogen is burning what is formed? 

157. If we ignite the gases mixed In a Uaddsr, does any 
pecnliar effect take plaae at the moment the water is formed f 

158. Explain why ^ver U liberated when a current of 
hydrogen acts spon nitrate of ulver. 



CHLORINE. 
46. This imiiprtant element was discovered by the 
cetebmted chemist. Sir Humphrey Davy, From its 
greaiish colour he proposed to call it i^orine, tiom 
the Greek x^<^P^'> green. It is heavier than the 
atmosphere, possesses a most sufibcating and pui^nt 
odour, is destructive to life, acts powerfiilly on metala, 
and partially supports combustion. Its most im- 
portant properties are, that it destroys vegetable and 
animal colours, and neutralizes the efiecbs of the 
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efflovia Irfaitih escapes froOi decomposing miiitaal ilnd 
vegetable bodies ; it is therefore extensively employed 
as a bleaclmig and disinfecting agent. 

Experiraent 36. — By the following processt we dis- 
engage chlorine in sufficient quantity for expwi- 
ments ;— heat cautioosly in a retort, a mixtore of one 
aaboa of blank oxide of manganese, and three ounces 
of muriatic add, (a eonUnnaiion of hydrogen and chlo- 
rine,) the liberated chlorine is collected in the p}ieti- 
matte trougii like the other gases, with this exception, 
that warm water must be used in the trou^ as the 
diloQne is absorbed by cdd t the c^ierator is earefiilly 
to avoid breathing the gas, a* it exerts, even in sntall 
quantities, a more iBJarioos efl^ upon the lungs than 
other noxious gases, hydrogen, &c, : a free current of 
air ahonld pass tbrougb the room in which the 
operation is performed. 

47. — ^The explanation) termed in ch^siatry ratiim- 
ale, of the preceding^process, can eanly be under- 
stood, even by a young stndent, (fig. 11.) Onmix- 



ii^ muriatic acid, videh it eompoterl of chlorine and 
hydroj/tn, with black oxide of maognnew, eim^powdof 
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M ttieeu of Uty^m and Me metal manfftmete, aat 
part flf Uie muriatic toA is decomposed, its cUorine 
paues to the pneumatic trongh, wliile its t^dn^n 
Muea a portioii of the oxygn) fmm the maaganese, 
to form water. {Fide expenment 32.) 

^tpmimmt S7.-~-\£ we require a small quantity of 
chlorine quickly, it can be obtsined fay ponring m 
Bpooniol of murisdc acid upon the same quantity of 
i^tltride ot lime, composed of cUorijie and lime ; the 
muriatic acid, by anperior affinity, unites with the 
Ume, while the ctdorine seeks hs liberty ; this is not 
snffidentty pmre for some of tlie following experi- 
menta: — 

Ri^erimmt 38.— From ^e articles on oxygen and 
hydrogen, it will be seen, that when we biwn a taper 
in common ur, the oxygen of the Utter is seised by 
the hydn^en and carbon of the taper, to fonn water 
and carbonic add : if, on the contrary, we suspend a 
Ugfated taper m chlorine, it is only its hydrogen that 
bums, whBe the carbon passes off, forming a dense 
black smoke : in this operation the hydrogen nnites 
with the chlorine, to form muriatic acid, (vide expe- 
riment 36 as it bums it will remind us of the 
appeanmce of the sun during a dense fog. 

Experimentt 36 and 38 illustrate in a very remark- 
able manner the important operations in cbemistiy 
termed analysit and eyntkegis — the first, (derivation 
Greek, avaXvw, to loosen,) is resolving a body into its 
constituent parts. In experiment 36 we found mn- 
riatic add to be composed of chlorine and hydrogen : 
in experiment 38, a case of *ynthetii, (derivation 
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Greek, twriB^/u, to conqwse,) we formed a oompoond 
nmriatic acid which we hod prerionsly analysed. , 

46. — VfhBa Bpealcing of osjgen, it was stated that 
it did not inTariably tbrm acid, {vide 40,) u LaToisier 
stipposed : experiment 38 forcibly corrolxvates this 
Btatement; the advanced student will find many 
other instances. 

Experiment 39.- — It will be important to prove 
that chlorine affects colours, thus constituting a 
bleaching agent : suspend smse pieces of moistened 
iinea clotfa, fonotufy coloured, in chlorine gas, they 
will be bleached immediately, if tbey have been dyed 
with vegetable or animal colours ; the object of moUt- 
tmKg the cloth is to allow the ehlonne to deeompoae 
the water, thus forming tauriatie odd by abstracting 
its hydrogen ; that such an effect is produced is 
eiident, from the fact that dry colours are not 
affected. 

Experiment 40. — Suspend a moiateited eugraviug, 
ttained with ink, in chlorine, the engraving comes out 
uninjured, while the ink disappears. In coniequenee 
of this property of chlorine, it has been ev^ploifed hy 
dishonest person* for eroMng names and tuvu of numey 
out of wrilU; this fact should be known to every 
memb^* of society : a simple preventive is, to use, on 
such important occasions, indestructible inlu : many 
have been recommended ; the following is easily 
prepared :— mix fine lunp-black with sulphate of 
indigo (indigo dissolved in sulphuric add, which Can 
be procured at the dyer's) ; tiiis mixture is not affected 
by chlorine. 
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Experiment 41. — It is adTiuble, while investi- 
gating this subject, to iUuatrote the nse of mordanU 
in dyeings (derivation Latin, mordeo, to take hold,) 
which serve to fie colours : palut with muriate of tin 
any characters on ckitli, dyed with ratable bine, no 
apparent change is produced till it is immersed in 
cAiorine, then the characters remain of the original 
blue, while the gronnd-work will be bleached. 

Experiment 42. — It was stated (46,) Uiat chlorine 
acted powerfully on metals ; this is easily proved, by 
suspending in it silver leaf, which takes fire, producing 
a chloride qf the metal ; this is the case with many 
otjier substances. 

Experiment 43. — By exposing qnick-Ume in pow- 
der to its action we form chloride of time, which is 
so extensively used as a disinfecting agent, as fol- 
lows ; — mis the chloride with water, then add a tea- 
spoonful of muriatic acid occasionally during the day, 
small portions of chlorine are consequently Uberated. 
(Fide experiment 37.) Its action in this case seems to 
be, to neutralize the effect of noxious v^oura : on such 
occamons it is advisable not to add more than a tea- 
spoonful of muriatic acid each time, ss chlorine, in a 
concentrated state, is calculated to injure dehcate 
lungs. To prevent accidents famihes should use 
chlorine water, to be purchased at the druggist's. 
The pupil con imitate the process by using eotd water 
in the pneumatic trough. (Ftde experiment 36.) 

Among the adds in second part, vrill be noticed 
muriatic, the chloric, and chlorate of potash, very 
important subjects connected with dilorine. 
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ttraanom. 



169. THiD discovered cblorine 7 

160. Why nae It so termed ? 

161. la It Hghter or hea-rler than the HHaotpIiere? 
182. Doa« tt tniiport Ufe and «iin1)a«tienr 

163. Wli4t effeot ^a it m T^etable uid laiaiBl etOomfl f 

164. ynij i» it called • dMaflMttag (geiit t 

195. Wbai we mix mnriAtJc acid witb bUck oxide of nmo- 
ganeee to form chlorine, what are the proportlDDs ? 

166. 711} 1« it necew(U7 to uae w«rm nter iu the pnea- 
matlc trough ? 

167. Ib an; preotnittoB tteceeMry <»lfie we are Ubemting 
the gu? 

168. Can fob wipWa irfij oUoriiie b UbeMtcd b; the 

169. When this gns ia BoUed with lime, what ia Hm com- 
pound termed ? 

170. How can we separate the chlorine from the ciiloride of 
lime, to use it as a dldnftacting agent f 

171. Ton have eeen that cliioiltn paitlaDj nq^wrti com- 
bnadon, iHien the lighted Uper was in It what casBed tite 
dense nooke? 

172. What acid was formad b; the imion of chtoiine and 
hydrogen r 

173. What i> the difCarence between analysis and ayn- 
thesis? 

174. When we suspend coloured cloth in ehlorine to bleach 
it, wb; is It essential that It should be moiMened ? 

I 176. Aa oonunon Ink is remoted bjr tills gi^ trtiat ^uiold 
be Bsed for writing wills, &c. 

176. DescrUM the experiment with nuiate of Us, to Illus- 
trate the use of mordants in dyeing. 

177. Are thin metallic leaves affected by chlorine ? 

178. How can we focm chlorine water ? 
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IODINE. 



49.— 'TUs eztraofdniary tleaent ms aeddenUUy 
diseoveied in 181% by Mouuesr de Courtois, of 
ftm, irUle |wxnring Mda from sm-wmiL It is a 
vwy T(dMSe lolid of ft brownUh'-blMk oolonr ; when 
ih^Ul!/ heated it hetonea » vioteUooloBied t^mjut, 
trvK whioh it MsiuBcs Hs sane (Gh^ek, iwief, like a 
violet). It has a peeufiarfy acrid tast^ and is a 
deftdlf pCHsee : whea nibbed to the skin it leaveft a 
braint Btftln ; ^ is oriy putiaQy soluble in water, 
7000 parts beii^ required to dissolve one ; it is veiy 
soluble in spirits of wine, forming tincture of iodine ; 
an important use made of it in the present dajr is to 
reduce g^dular swelUi^i it is fttio employed in the 
HaguartMljfK, As pwcess by which the most accu- 
rate representations of native are traced faj light, 

Ei^ieriment 44. — Heat a particle of iodine in a 
flask, it instantly fill^ the cavity with the characte- 
ristic vi^ur. 

£^penm(^ 4SH>-'If we, wish ta detect ttareh in 
the smallest qoantity in a fluid, we have bat to add a 
few drops «f the solution of iodine ; if the mixture 
assume a purplish dnge, we pronounce that starch is 
present; or bj storqh we defect iodine. 

Experiment 46. — When iodine unites witb mer- 
cury, we are presented with a splendid pigment : mix 
the eolourkn solution o£ iodide of potassiom, (com- 
monly called hydriodate of potash,) which contains 
iodine, with a coiaurlen solution of corrosive subli* 
mate, a preparation of mercury and chlorine, a pre- 
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cipitate of a brillunt red colour (tbe Iodide of mer- 
cuiy) is instantly produced ; this can be collected by 
pouring the mixture on filtering paper, the iodide of 
mercury remaining behind : thepupilis recommended 
to acquire the habit of thus separating precipitates. 

50. — In concluding the article on iodine, it ia 
adviaahle to state, that when it combines with a sub- 
stance beUne it, the gas chlorine, for esample, the 
compound is termed the chloride of iodine; but 
when with bodies above it, such as potastium, or 
mercury, we style the compound the iodide of potas- 
sium, or mercury. 

aCESTIONB. 

179. When iraa Iodine discoTtnd ? 

180. What is the diff^reoce in colonr between iodine wlien 
uilld and in tlie state of Tsponr ? 

181. Whtt is the deiiTstion of tlie tern 7 
1S2. Does It tOnt Ou) sUnr 

183. In wbat proportjon Is it solnble In water 1 

184. What is Unctnre of iodine t 

1S6. Deacrllie the eiperlment b; wliich tlie vapoDT of 
iodine wu exhibited. • 

186. Eipltun how starch is detected by iodine. 

187. What do we ondaretand by the term iodide ? 

IBS. When iodine is mixed with chlorine, why do we aaj 
elilDride of Iodine, and not iodide of chlorine ? 
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BROMINE. 



51.— r-This new element is generally obtained fivin 
the reudnal liqaor procured at the salt-works aflSr 
the separation of the table-salt from sea-water. In 
an elementary work like the present, it is not neces- 
sary to describe the process, which is rather compli- 
cated. Its term is derived from the Greek, (jSjuu/to*, 
fatOT,) in consequence of its possessing a most dis- 
agreeable odour. When ™wed by reflected light it 
has a blackish-red colonr, but by transmitted li^t it 
presents a hyacinth red. This extraordinary element 
is volatile, has a remarkably strong taste, and acts 
powerAilly on the metals and other bodies forming 
bromidei t one of these, the bromide of tiiver, is 
almost instantaneously darkened by exposure to 
light, on which account it is extennvely used in the 
inimitable process of the Daguerreotype, so called 
from the celebr^ed inventor, Daguerre, of Paris. 
A brief outline of this subject will be given in the 
third part of this work, in the article on silver. 

QUESTIONS. 

189- Why Ib bromine BO calledt 
190. From ntat ii it obt^ued f 
m. -Wbat to iU colour? 

192. When nnited with silTer, what to the compomul called r 

193. What property of tlie bromide of Bilver lenders it so 
niefbl in the Dagrnerreotype ! 
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8ULPHUB, 



52. This nsetlil and eztraordinuy agent Bcems to 
be oniTersaDj scattered oter the ^abe— sometimes in 
its rimpte or eUmmfary state, as in volcKiie countries, 
bnt gmerallj in comlHnation iritli other bodies. It i* 
a aijid of a pale, yellow cdoar, nearly insoluble in 
water, eKceedingly brittle, and possessmg but little 
taste or smell. It melts at the temperature of 226 
Fahrenheit's thermometer. By increasing the heat 
it passes ofF in the state of rapenr, which, meeting 
with a cold snrface, is condensed into a fine ydlow 
powder, teiTned snbHmed sulphmr, or flowers oS 
sulphur. 

- Erperinunt 47. — Heat a spoonM of sulphur in a 
crucible ; arrest the vapour by hoIdJng over it an in~ 
verted cap, kept cool. This illustrates, in a pleasing 
way, the process by which sulphur is obtained irom 
the sulphurous grounds in Italy, and from the ores 
of the metak, copper, lead, and iron, in Great Britain 
and other conntries. This process is termed by miners 
roattin^ S when thus united, either naturally or arti'' 
ficdally, with the metals, the compounds are termed 
ndpkweU. It may not be uninteresting to state 
here, that the county of Wicklow, in Ireland, is rieing 
with Sicily in the manufacture of sulphur. 

Experiment 48. — ^To prove that such is the compo- 
ntion of a nii^wet, we have but to apply a piece of 
roll sulphur, termed popularly cane brimstone, to the 
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.eol of a bw of ifob beated to wfalbmess at a snUh'a 
6xge- Tbe 8ul]^Qr ooites wkh tibe iron, and the 
lesultuig compound, t<nHed »dphar«t of ko*, &!]« 
down, aod cut be CK^lected. 

53. Sa^bur ia extracted from the miiienls coi^ 
tuning it in Sicily hj the foUowii^ pweeaa :— Tm 
eurUten pots, a ysti. high, coat«ning abo«t fomt 
gfdlosat >ic nnged in a fumace caBed tbie gallery t 
the pots are so arranged that they partly pn^ect 
outside of the mdl^ while th^ tops rise abore the 
roof. When filled with lumps of the stil|Anr ore^ 
the; are eorered with earthenware lids ; from tber 
shoulder of each vessel a pipe two inches ia diameter 
bends down and enters another corwed TOsael per- 
forated at tibe botton^ landing over a tub filled 
with water. On applying heat to th« gallery the 
snlphur melts, passes over in the state of nponr^ 
and runs down in a liquid state into the water, where 
it congeals. As the lids are above the roof of the 
gallery, they can be re^sharged when required. In 
1839, Sidly produced 70,000 tons of su^hur, and 
Tuscany 1200, of which Great Britain consumed 
46,000. Sulphur has been known for ages. In f^e 
jffesent day it is extoisiTely employed ; aa it ignites 
at a moderate temperature, it is nsed for matches ; 
and in consequence of its fumes, when bumii^ 
affecting certiiin colours, is employed to bleach woollen 
and siUien goods. {Fide esper. 49.) As these fames 
(consisting of' sulphur and oxygen of the air, termed 
sulpbuNiis add) will not support Same under ordi- 
nary drcomstances, a handful is sometimes thrown 
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On s fire to extingiuali it when danger is apprehended 
bj Boot beiag i^ted in the cfaimney. Sulphur pos- 
sesses the singulftr propertj of cheeking fermentation 
in wine vats, without injuring the wine. It is an 
excellmt medium for taking impressions from seals. 
(Fide eJtper. 48.) Its principal uses are, for the 
Inanufacture of vermiUion or cinnabar, gunpowder, 
sulphuric acid, or vitriol, and tome important medi- 
cines. 

Experiment 48. — Melt some sulphur in a clean 
ladle ; keep it for some minutes in that state, and 
pour it on medals surrounded with circles of card ; 
the impressions generally are beautiful. 

BxperinUTtt 49. — To illustrate its bleaching pro- 
perty, suspend a red rose over the fumes of burning 
sulphur (sulphurous acid) ; in a few minutes it will 
be white. 



QtlBSTIONe. 

194. Ib nilphar an abandaot element ? 

195. Is it BTer found pore ? 
\9R. Jb <t solnble In water ? 

197. What is nudentioiMl by the terra snbUmed Bolphat, or 
flowera of sulphur? 

198. What is BBolphuretr 

169- If you appi; a piece of solid Bnlphiir to red-hot Iron, 
what is formed ? 

200. Describe the process bj which the; obtain tolpfaor in 
Sdly! 

201. Do 70a remember how man}' tons of snlphnr Qreat 
Britain consnmed in 183& ? 



iO^ DeKribelheeiperimeDtvhichlUnstxBtMthe bleaching 
property of barninf lulphor ? 

203. Why does anlphnr, when thrown on a flre, sitlni^nisb 
it? 

204. Hu It any effect on Bonr wine 7 
SOC. What U meant by anlphor seals ? 
206. Enomerate some of its important uses ? 






SULPHURETTED HYDROGEN. 



/54. 'When sulphur unites vith hydrogen in the 
proportion of one hyd. to sixteen sulph., sulphuretted 
hydrogen is formed. This gas, which has an ex- 
tremely offensive odour, similar to a decomposed ^g, 
which contains this gas, is nearly twice as heavy as 
our atmosphere, and is extrtmely dettruettve to 
animal life when breathed. These two properties 
render it a useful agent ibr destroying rats ; this ia 
accomplished by pouring the gas into their holes. 
It is combustible, and boms with a pale blue Same. 
When ignited in a close glass Jar, there is a deposi- 
tion of sulphur on the sides of the Tesael. It ia 
decomposed by our atmosphere, the or^gen of which 
unites with its hydrogen to form water, the snlphur 
being left behind. This is the origin of the sulphur 
which is found near mineral springs. The disagree- 
able smell vhich arises trom drains arises partly jrom 
the presence of the same gas. Though so unpleasant, 
it possesses important medicinal properties. This is 
the case with the waters of Harrowgate, Aix-la-Cha- 
pelle, and Lucan, near Dublin. These are termed 
sulphurous spas. 
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55. Soli^kiir lieated with potuh (composed of 
potaasium and oxygen) nnites vith the potaannm, 
iriudi is here eriled » base, avd fi»ms mt^vrvt of 
pottunwK. In this way snlphnr may be combined 
artificially with most of the metals {vide exper. 48) ; 
but many of the metallic sulphnrets are found in 
abundance, natiTe (naturally formed). 

ExpermerU 50. — If we ponr some mnristic acid 
and water, termed diluted, on sulphuret of iron, the 
following diai^ t^es place : — llie water is decom- 
posed (pide KsjuT. fS) ; itabydrof|en unites with the 
suij^ur to form sulphuretted liydragen, which pasne* 
off as a gns. The oxygen seizes the iron, fonml^ 
oxide, which unites wiith the niuri«tic add. In thift 
way the gaa cao be p(«pai«d for expainKnt. 



OlTBen, 



As tlws gps, is rs^dly ijbsoibed by ct^ld water, it is, 
advisahh^ when iwUecting it in the fnennut*: trough* 
to use warm water. 

56. Gold Mid silTe;, though not afiW«d by being 
wpoqed 1<a oxysen — himm ulled non-(aidi)ia^I« 
nntalsr-HUre tsndshed bj th& sulphurett^ hydjngen 
wbkb is gtnecaUy mi^ with oux atmosphow. It is 
this combination that renders plate-p<jw^ i^itffini^. 
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57. This gas has the remarkable property of de- 
composing many metwJUic salts — its sulphur unitiiig 
with tlte metal forming a snlphnret, TBrioufily colonred 
according to the metal ; thus lead ftmns a deep brown 
MilphiiTet, antimony orange, and arsenic a canary 
yellcrw. On this acconnt the chemist empbys sul- 
phuretted hydrogen to detect the presence of certain 
metals. It is then termed a re-t^mt. 

Expmmefa 51. — ^Write with a solutiota of Sugar 
of lead, acetate of lead -, ftis will be invisible ; when 
exposed to the action of sulpbnretted hydn^n, it 
1)eco&ies viuble as the snlphuret of lead is formed. 
Ti&s is termed a K^pofhetic ink, many of whidi 
win be noticed. 



aucaTioNs. 

207. In what proportirou do lidphBr -and hydrogen uilu 
to form BolphnretWd hydrogen ? 

208. What doea its odour resemble ? 

209- Why can it he employed for killing; fata ? 

210. When tbiB gas is buTDed In Boloie vessel vlmteiuaee? 

211. What ia a. aulphnroiu gpa ? 

212. How U flolphuTet of potauisiii prepared? 

213. WIistisaiiatiTesnltdiuretF 

214. When we poar dUate mnriatio add tm ■olphnret of 
iron, why li Bnlphorettad hydKgeo formed ? 

316. Vhy is warm water used in the paenmatio trough? 
216. What eff^ haa this gas on gold and silver ? 
217- What do we Dndentand by osUing this gas a re-agent? 
218. When we write witii gtig«r-of-lead solntloi], why does 
this gas render it visible 7 
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PHOSPHORUS. 



58. This peculiar element is chiefly of animal 
origin. Ita name is derived from the Greek 0ttit, 
light, and i}>epw, to cany, as it emits light which 
is Tisible in the dark. It was accidentally discovered 
in 16?7, by Brandt, an tdchemist of Hamburg. In 
1774, the celebrated chemist Scbeele, of Sweden, 
ascertained that it conld be obtained from the bones 
of the liigher animals. From this sonrce it is pro- 
cured, in tlie present day, by the following process 
(which is, perhaps, a little too difficult for a very 
young pupil): — Bones (which are principally com- 
posed of gelatin, (oniMa/ jeUy,) Hme, imdpiotpiorie 
add, i.e. oxygen and pAoaphorm) are burned till they 
become white ; they are then g^und to fine powder. 
When exposed to fire, bones lose their gelatin, and 
the white mass prinrapaUy^tonsists of phosphoric add 
and lime, as above ; the compound is termed phos- 
phate of lime. To obtain phosphorus from the pow- 
der, three parts are mixed with two of vitriol, and 
thirty of water. The vitriol, having a superior attrac- 
tion or affiuity for lim^ takes a portion of it from 
the phosphate of lime, forming eulphate of lime, 
which ia precipitated, i.e. Mis -te the bottom of the 
vessel. The remainity portion of lime in the solution 
unites with all the phosphoric acid, forming a salt, 
which is ioluble in the liquid. When this is strained, 
the sulphate of lime is left behind. The strained liqnor 
is then evaporated, i.e. boiled down till it becomes as 
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thick 8S syrop ; it is then mixed with fine diarcoal 
powder, chiefly craipased of carbon. When this 
mixture is dried it is exposed in an earthen retort to 
a considerable heat. Ailer some time the carbon of 
the charcoal takes oxygen irom the phosphoric acid, 
thus leavii^ the pAosphorttt in s free state, which, 
passing over in tlie state of vapour, is made to pass 
through cold water. It lastly falls to the bottom ot 
this vessel, as solid phosphorus. This is afterwards 
melted in warm water, and poured into glass tnbes; 
when cold it is ready for sale, presenting the appear- 
ance of solid trawparerU cylinders ; generally it is 
yelloio. 

59. It is so inflammable that it bums when ex- 
posed to our atmosphere; by the heat of the hand 
it bursts into flame, producing a more dreadful burn 

- than red-hot iron. Young peraong thould aeoid it. 
It b preserved by keepmg it in bottles containing 
Kater, and not exposed to light. When required for 
experiment, it should be cut und^ water : this is 
easUy done, as it is as soft as wax. 

60. Kiosphoms combines with oxygen, hydrogen, 
sulphur, and some of the metals. 

With oxygen it forms a reddish white oxide of 
phosphorus, which is formed by exposing it, while 
contained in water, to the action of light. The effect 
is produced by the air, which is always miied with 
water. The oxide has a reddish tinge. 

61. Phosphorus has HO great an attraction for oxygen 
that it will release it from many of the metallic salts, 
thus redudng the metals to their metallic state. The 
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mMt ConTenient plaa for ftpplying ' {rfto^hm-as to 
fllmttWe this iitct, is to dissolve a snudl portion in 
snlphimc ether— the aiie of a pea in an onnca of 
ether. 

Eajterinumt 52.— Write vith h sototiMi of nitntc 
of taker ; if thx page be held orer the mondi of the 
tAttU containing the phosphorized ether, the writii^ 
becones visible as the silver is redticed. 

This should be particuiarfy ctmtraated with exper. 
3S, where hydn^en plays the same part. 

Ea^tO^vtent 53.— Bub a small portion of the phos- 
phorised ether on the hands or fece, m the dai^ it 
becomes visible — ihU it extremely harmle»s. 

Ea^seriment 54. — Tlnnge an ignited piece of pbos- 
phorns into orygen, it borsts into a most brilliant 
flame ; or, drop it into a fijlass vessel containing wann 
water, and Irom a bladder, furnished with a stop- 
cock, force osj^n upon it. This presents a splendid 
iUustration of oombustion under water. 

aUESTIONB. 

219. What is ths deiivation of phoBphoros r 

2S0. By whom *m It disooversd, «nd In wbat yem? 

221 . Who diacovered that it coold b« abundantly abtainad 
ftwn bonea? 

222. Vbat are bones prmoipally oonipaied of? 

223. Wben bones are burned what portion la destroyed ? 

224. We lay that phosphate of lime Is left, nhat does it 
oonslst of? 

226. To procure phosphorna inlphDria wsHA i« added, what 
portion of the fiboaplate of line doe* it attack ? 
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226. When we saj the aiilptiste of lime thai fonoed u 
prtdpibiUd, That is implied b; tbis term ? 

227. When the Btrained liqnor is boiled vitb charcoal, and 
then eipoeed to comiderable heat, what chai^B does It effect ! 

22S. How a it converted into Its oylindiical Form ? 
22S. Wh; is it dangerooe to take it in the bond 7 
930. When phogphoros ia exposed to light white in water, 
why does its anr&ce become reddish -wbit« ! 

231. How do yoa form phosphorized ether ? 

232. When we eipoae allk touched with nitnte of ailver 
to the fomea of plioapborixed ether, why da«* the silver 

233. How DM) we bom phosphorus nnder water ? 



CARBON. 

62. This veiy interestiDg element (derived from 
the Latin, earbo, coal) is ao nmversally employed by 
Nature, that there ia no lo<»litj where it cannot be 
procured. In a per/eetly pure state it constitntes 
DIAMOND. When mixed with hydrc^n and other 
bodies, it forms coal and Tarioua other mineral. It 
forms the principal portion of a plaxt, and enters into 
the formation of the animal structure, fiefiire we 
consider it in its impure state as charcoal, a few 
observations on the diamond may be interesting. 

Up to the present time only two places have yielded 
this extraordinary treasure — a portion of the Indian 
peninsula and of Brazil, where a slave receives his 
liberty if he find a diamond we^hing seventeen and a 
half carats. It is valued in the arts for its extreme 
hardneai, and in the circle of fashion for its brUUaney. 
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The rate at which it is sold when polished is remark- 
able : — a carat weighs only four grains, and sells for 
eight pounds ; two carats are worth thirty-two pounds ; 
three carats, seventy-two pounds ; and four carats, 
one hundred and twenty-eight pounds. The increase 
of price is arranged thus : the weight of the carats is 
doubled, and the square of the product is multiplied 
by two pounds. When the weight amounts to twenty 
carats the purchasers are but few. One of the largest 
diamonds that has been discoTered belongs to the 
rajah of Hattan in the East Indies. It is of the 
purest water, and weighs three hundred and sis^- 
seven carats. It was discovered about one hundred 
years since. The emperor of Russia possesses one 
weighing one hundred and ninety-three carats. It is 
as large as a pigeon's egg, and was purchased by the 
Empress Catherine for ninety thousand pounds, with 
an anuoity to a Greek merdiant of four thousand. 
Its history is worth relating ; — It was one of the ^es 
of the statue of Sheringan'in the temple of Brama. 
A French grenadier who served in the Malabar army 
contrived to steal this gem, and reached Madras in 
safety, where he sold it for two thousand pounds to a 
ship-captain, who disposed of it to a Jew for tweke 
thousand pounds ; it passed then into the bands of 
the Greek merchant, and ultimately was purchased by 
Catherine. One of the finest diamonds belongs to 
Louis Philippe of France. It weighs one hundred 
and thirty-six carats, and is valued at one hundred 
and sixty thousand pounds. It is named the R^;ent 
or Pitt diamond. 



FACTS IN CHEHIBTKY. ti3 

63. The art of cutting diamonds hj rubbing them 
against each other, or polishing them with their own 
powder, was discovered by Louis de Berquen in 14?6. 
The diamond tluii sells for one hundred and sixty 
pounds an ounce. They are generally colourless and 
transparent. When coloured, they ate yellow, green, 
blue, rose, or pink — the latter sometimes exceed in 
price the transparent. Diamonds ore found in loose 
earth, a little below the surface of the soil. 

64. That the diamond is carbon will be evident 
from the following statement. Sir Humphrey Davy 
placed a diamond, heated to redness, in a close vessel 
containing pvre oxygen. It was then placed in the 
fi>cus of a poweiM lens (buraing-glass), brilliant com- 
bustion ensued : the diamond disappeared, forming 
with the oxygen the invisible gas, carbonic acid. 
On referring to the article on oxygen, it will be seen 
that when a piece of ignited charcoal was immersed 
in it the light was splendid, and the resulting com- 
pound was carbonic acid. 

Monsieur Morveau of France enclosed a diamond 
in a piece of iron : this was exposed to an intense 
degree of heat : when the cavity waa subsequently 
opened, the diamond had disappeared, while the sur- 
&ce of the cavity was converted into steel, which is 
chemically termed carburet of iron. Some suppose 
tfaat steel owes its hardness to the iron having absorbed 
the pure portion of charcoal, diamond, which is em- 
ployed in preparing it. 

lb received opinion is, that the difference between 
dknKoid and charcoal depends on crystalUzation. 
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QUESTIONS. 



2M. What Is tbe deiiTStion at carina ? 
236. IiltBbondant? 

236. What Is the pnreit specimen ? 

237. What ia tt termed In ita Impure atate ? 
338. Wliat cODDtries jitld diamond* f 

238. How much is a esrat ? ^ 

240. Do yoa remember the mle for pricing them * 

241. Which U the largrest diamond ! 

242. How manj carats does the Regent weigh T 

243. How are they cot, and when was the art iSBCOTOred ? 

244. What are the nsiml oolonra ? 

245. How did Dbt; proTe that diamond was carbon ? 

246. What did Horvean MOOmpCih bj heating diamond 
enclosed in iron ? 

247. What is the chemical name of ateel ? 



G5. Carbon tolerably pate is fonnd abundantly in 
the mineral kingdom — pardcnlarly in tbe varions 
varieties of coal. Anthradte or Kilkenny coal is 
mineral charcoal — differing from common coal in con- 
taining scarcely any trace of bitumen. It conseqaeath^ 
hnms inthont flame or smoke. Cokz principally 
consists of cordon. It is obtained from gas retorts, 
after all the volatile portions have been expelled by 
fire. It prodnces an intense heat, and bums without 
smoke, which circumstance renders it valuable for 
railroads. 

Charcoal is v^table carbon. It is obtained by 
exposing wood to an intense heat in covered vesaela. 
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as will be seen in the srticle on acetic acid ; or by 
igniting piles of wood, evnered with earth, to screen 
it ftom tbe iull action of the atmosphere, which would 
otherwise totailf consume it. In France, charcoal — 
termed eharbon — ^is prepared on an estensire scale, as 
it is generally used instead of coal. 

66. Wood charcoal has neither taste nor smell. It 
is a bad conductor of heat, on which account it is em- 
ployed for covering small furnaces and steam-pipes. 
If air be excluded, it will resist the strongest heat 
without suffering any change. It is not affected by 
water, on which account water-casks are frequently 
charred inside. " About sixty years since a quantity 
of oak stakes were found in the bed of the Thames, in 
the very spot where Tacitus says that the Britons 
fixed a vast number of such stakes to prevent the 
passage of Julius Ccesar and his army. These stakes 
were charred to a considerable deptb, retained their 
form completely, and were firm at the heart." — Dr. 
Tire. It is, perhaps, not generally known that most 
of the bouses in Venice stand upon charred piles of 
wood. The most remarkable illustration of its impe- 
rishable character is the fact that the beams of the 
houses in Herculaneum, which were charred by the 
burning lava, A. D, 79, appear like the charcoal of thi» 
day. (The author has a specimen which was brought 
from the spot by the Rev. Bobert Handcock.) 

67- Charcoal is extensively used in the arts. It 
enters into the composition of gunpowder, which ge- 
nerally consists of seventy-five parts of nitre, fifteen 
of charcoal, and ten of sulphur. The charcoal for 
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gunpowder is made of alder, irUlow, or dogwobd; 
exposed to heat in cloae iron cylinders. The bark ib 
prerionaly removed, as it is tHa portion cdone which 
crackles when charcoal is united. We will retnrn t« 
gnnpowder when treating of potash. 

The engraver nses charcoal and oH for ploMtthinff 
copper-plates. The manufacturer emplop it with 
iron in making steel ; and in re&ung sugu it is used 
for removing colour. From its affinity for oxjgta, 
the chemist sometimes selects it as the agent for 
removing oxygen. — (Vide phosphorus.) In the labo- 
ratory and manufactory wood and bone diarcoal are 
employed. In its fine state, as in ivary-blaek and 
lamp-hlaek, it forms the basis of black paints, Indian 
ink, and printer's ink. 

Experiment 55. — Place !n a crucible, two pieces of 
wood, with and without bark, cover them with sand, 
and expose them to a strong heat. After some time, 
when the v^wurs cease, charcoal will be found in &e 
crucible. On igniting the two different specimens, 
that which contains bark will alone crackle. 

68. Lowitz of Petersliurgh discovered that char- 
coal removes offensive odours Irom uiimal and vege- 
table substances, and counteracts putrefaction. 'Hiis 
constitutes an important feature in domestic economy, 
for removing colour from vinegar, and odours fkom 
meatandwater. Smallpieces red hot are to be thrown 
into the vinegar or the vessel containing meat ; the water 
is to be filtered through three or fow inches of pow- 
dered charcoal, placed on a stratum of fine pebbles 
and sand, lying on a plate of burnt clay perforated 
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with holes, (this can be prepared at the pipe-maker's) 
— sach a filter will stand for many years. 

In the article on carbonic acid it will be seen that 
when charcoal is ignited, it forms with the oxygeti of 
the air, earhome acid, a subject of much importance. 
(VideM.) Carbon imites with ^ji^ur and phosp- 
horas. It combines with mtn^pCT), forming the basiq of 
prussic acid. United with iron, it forms »ttel and 
blaek'Uad, {plumbago,) tta will be seen in part third ; 
and with hydrogen it combines in two definite propor^ 
tions, making carburetted and Mearburetted hydn^en. 

atJEBTIONS. 

248. What ia coal prineipiJlj composed of? 

249. How does anthracito differ from common coal ? 

260. Boir is coke prapored ? 

261. Wh; is it UKd on railroads ! 

253. Descnbe tlie two metboda for 'preparing charcoal? 
2£3. Why are the piles of wood covered with earth ? 
251. Why i9 it osed for covering steam-pipes ? 
256. Is it affected by fire if confined in close vessels ? 
256. Relate some of the facts connected with charred 

267. What ia mixed with chaTCOot in maldng' gunpowder 7 
2BS. What woods are used in preparing: the charaoal ? 
2SS. Why is it employed in reOidnK sugar ? 
260. f/B obtiui^ng: phosphorus, what part does the charcoal 
play? 

261 ■ How would yon prepare oliarcoal on a small scale ? 

262. Who discovered that it removed offen^ve odonrs * 

263. How ia a charcoal filter prepared ? 
864. What does It foria when ignited? 

266. When oDited with hydrogen what does it form ? 
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CARBURETTED HYDROGEN. 

69. This gas is composed of one Tolnme of the 
Tspour of carbott and two of hydrogen. It is co- 
lourless and inodorons. It bums with a yellow flame 
like a candle, and is easily procured from stagnant 
pools or ditches by 

Experiment 56. — Place the month of a glass vessel, 
jiill of water, in the stagnant pool ; stir the bottom 
with a stick and the gas will oscead into the inverted 
Tassel, this may be caUed a nataral pnemnatic 
trough. This gas is evidently produced, particularly 
in warm weather, by the action of the hydrogen of 
water on decaying vegetable matter which parts with 
its carion. Carbonic acid is also present iirom the 
oxygen of the water uniting with, another portiim of 
carbon. The fire-damp of mines is a gas similar 
to that of ditches. Against its destructiTe influence 
tliere b the safety-lamp of Sir H. Davy. 'Wthout 
entering minutely into the subject we may easily ex- 
plain its principle. 

Experiment 57. — By holding a piece of yfne wire 
gauze m the flame of a candle it will be seen that 
though the products of combustion pass throngb the 
gauze, THE FLAME DOES NOT; this Arises from the 
metallic gauze cooling the inflammable hydrogen of 
the toUow below the temperature at which its combus- 
tion ensues. 

Founded on such esperiments. Sir H. Davy sur- 
rounded the taper with fine iron or copper gauze, so 
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that no r rnnmiini radHfiii abould exist between the flame 
and the external fire-damp, if present, except through 
die meshes of the gauze. By this invention alonc^ 
without any of his other splendid discoveries, he 
would have left behind him an undying name. 

This carburetted hydrogen bums with a brighter 
flame than pure hydrogen, as it contains earbtm. The 
increased brilliancy arises from the carbon being libe- 
rated at the moment the hydrogen bnms in the oxy- 
gen of the air to form water. The carbon is then 
ignited, diffusing the vivid light by consuming another 
portion of oxygen from the atmosphere, forming ear- 
bonic acid. The products o/ita combustion are, there- 
fore, Kater and carbonic add. 

We obtain the same compounds by burning candles, 
coal, and gaa — hydrogen and carbon being present. 

auESTiONS. 

266. Wbal, is oarbnrett«d hydrogen oompOBed of* 
367. Fram wbst source can we obtain it natnnll]'? 

268. Ho<r U it formed in stagnant pools ! 

269. Carbonic acid is also mixed irith it — whatprodaces it ? 

270. Vliat i» the fire-damp ? 

271. Eipl^n the principle of Dav/a lamp. 

27^ Why does this gas bum with a brighter flame than 
pun hydrogen ? 

273. Bf bnnuDg it, we (6nn watn and carbonic add — 
•xplain ttiis proi:eu. 



BICAKBURETTED HYDROGEN. 

70. Coal Gas is a familiar illustration of this 
compound ; it diiFers from carburetted hydrogen in 
containing two volumes of the yapour of carbon 
with two of hydrogen: on this account it bums with 
a brighter flame. It is generally obtained by dry 
distillation, or carbonization in iron retorts, of vege- 
table and animal substances, or coal which is c^ 
vegetable origin. Those in use are coal, espedally 
the cannel coat, oil, reain, (improperly called ronn,) 
and the liquid resin tar. We will now endeavour ta 
point oat ^e changes that take place during the dis- 
tillation of coal : it has been proved by experiments 
that the coal should not be introduced into the re- 
torts nntil they are heated to a cherry red ; at this 
temperature a portion of the tar is converted into 
gas instead of passing over in the state of vapoor ; 
this operation is generally continued for five or eight 
hours. The residuum in the retort is termed Coke, 
upon an average 

lib. food eoal yields 4 cnUc fo«t |[w. 
lib. oil rieldis 16 cable feet gas. 

lib. tor yield! 12 cubic feet gas. 

lllk Tesio yields 10 oubic feet gas. 

as coal is the cheapest it is now generally used. 

71. As the distillation of coal yields tar, ammonia, 
sulphuretted hydrogen and carbonic acid with the il- 
luminating gas, SicorSwreWerfAydw^CTj, it is necessary 
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to purify it. Without ent«Ti»g into a iniiinte descrip- 
tion of tlie process, tlie following statement may be 
deemed intelligible. The heated retorts, ifhich are 
set in brickwork with their mouths presented to tlie 
workmen, are half filled with coal, the doors are then 
carefully closed bj fire-clay ; in a short time the coal 
yields up its volatile compounds, which paas into 
pipes that first ascend and then descend by bending 
intu a large csst iron tube half filled with water,, the 
bent tubes are styled dip pipes, (No. 1 .) the water 
cylinder is named the hydravlie main, (No. 2.) The 
ends of the dip pipes are immersed in the water, 
which condeniea a portion of the tar mid ammonia — 
while the gas passes on by a pipe to the ctmdetuer, 
(No. 3,) which consists of a number of vertioal pipes 
surrounded by cold water ; these are very palpable in 
the gas works of this city. The tar cistern (No. 4,) 
is connected with these pipes, in which the tar and 
ammonia are condensed after coursii^; through the 
vertical pipes — the carburetted hydrogen, carbonic 
acid, and sulphuretted hydrogen then pass to the 
ptirifier, (No. 5,) which contains a thick misture of 
lime and water called cream of lime, with a revolving 
spindle set with vanes — the hme seizes the carbonic 
acid, (vide esper. 1) and abstracts the sulphur from 
the hydrogen, which unites with the illuminating gas, 
now purified, that passes through a most ingenious 
instrument, the gas meter, (No. 6,) which registers 
the quantity as it takes its course towards the gas- 
holder or gasometer, (No. ?■) From this vesssel the 
dtizens are supphed. It is deserving of notice that 
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the iron retorts are destroyed by the yapour of car- 
bon U Tiiti ag with the iron, forming ttrtificial plumbago 
or block lead, which is extfnBively used in galvanic 
experime«tH. 

Experiment 58. — Fill the bowl of a tobacco-pipe 
with pounded co&l, corer up the mouth with a lute 
of fire-clay, insert the bowl into the fire, and in a 
short time the gias can be ignited when issuing from 
the small tube. 

72. C«wl gas was first obtained by the il«T, Dr. 
Clayton, in 1739. Mr. Murdock, engineer to Messrs. 
Bolton and Watt, was the first person who publicly 
used it as a substitute for oil, in 1802. In that year 
there were illuminations for the peace of Amiens ; 
H&. Murdock on that occasion, in the Soho factory, 
displayed, for the first time, gas-Kght. Dublin was 
not illuminated with gas till 5th October, 1825. 

QUESTIONS. 

274. How does biosrbaretted hjdrogen differ from car- 
bnretted ? 

275. Hot is it generally obtt^ned ? 

276. Whj ia tlie retort made red bot before tbe coal ii 
iotroduced ? 

27T. 'Wbiah yields most gas — coal, oil, tar, or rerin? 
273. Wby la it necessary to purify coal gas ? 

279. Can yon describe tlie cbasgea that take place as the 
gfM gross to the ((asometer ? 

280. Wbat is formed oo the Inside of the retort r 
281.,Tlio first oaed coal gaa? 

282> In what year was Dublin illuminated ? 



t^'-'-Sl'^ 



cGoo^lij 



